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ABSTRACT
Domes p r o v i d e  an e a s y  and e c o n o mi c  me t hod  o f  c o v e r i n g  l a r g e  
a r e a s .  The t h r e e  t y p e s  o f  b r a c e d  domes ,  i . e .  g e o d e s i c ,  
S c h we d l e r  and t h r e e - w a y  g r i d  domes ,  c ompos e d  o f  s t e e l  
t u b u l a r  member s  a r e  i n v e s t i g a t e d  wi t h  a. v i ew t o  u n d e r s t a n d  
t h e i r  b e h a v i o u r .
The b e h a v i o u r  o f  t h e s e  domes i s  s t u d i e d  u n d e r  f o u r  l o a d  
c a s e s  w i t h  t wo b o u n d a r y  c o n d i t i o n s  and two h e i g h t  t o  s pan  
r a t i o s .  F u r t h e r m o r e ,  a c o m p a r i s o n  i s  made o f  t h e  b e h a v i o u r  
o f  t h e s e  domes .  For  t h i s  p u r p o s e ,  a we l l  known c o mp u t e r  
p a c k a g e  - LUSAS ( b a s e d  on f i n i t e  e l e m e n t  me t hod  o f  a n a l y s i s )  
i s  u s e d  a s s u mi n g  p i n - c o n n e c t e d  c o n d i t i o n s .  The d a t a  f o r  t h e  
a n a l y s i s  a r e  p r e p a r e d  w i t h  t h e  h e l p  o f  an a u t o m a t i c  d a t a  
g e n e r a t i o n  s y s t e m u s i n g  f or mex a l g e b r a .  Compu t e r  p r og r a m 
u s i n g  t h e  F0RTRAN77 i n c o r p o r a t i n g  Gi no r o u t i n e s  we r e  
d e v e l o p e d  t o  p r e s e n t  t h e  r e s u l t s  g r a p h i c a l l y .  Th e s e  r e s u l t s  
i n c l u d e  member  f o r c e s ,  noda l  d e f l e c t i o n s  and s u p p o r t  
r e a c t i o n s .
Each dome i s  o p t i m i z e d  by c h o o s i n g  t h e  r e q u i r e d  member  s i z e s  
a c c o r d i n g  t o t h e  m a g n i t u d e  o f  f o r c e s  c o n s i d e r i n g  a l l  f o u r  
l o a d  c a s e s .  For  c o n v e n i e n c e  in c o n s t r u c t i o n  , t h e  number  o f  
d i f f e r e n t  c r o s s - s e c t i o n s  f o r  a dome i s  k e p t  t o  f o u r .
The s t u d y  shows t h a t  member  a x i a l  f o r c e s  i n  t h e  domes  a r e  
a l mo s t  u n i f o r m .  T h i s  i s  t r u e  wi t h  t h e  e x c e p t i o n  o f  member s
in t he  two o u t e r  r i n g s  o f  t h e  domes ,  whe r e  b o t h  v e r t i c a l l y
and f u l l y  t r a n s l a t i o n a l  r e s t r a i n t s  a r e  u s e d  a s  b o u n d a r y  
c o n d i t i o n s .  P a r t i c u l  a r l  y , f o r c e  c o n c e n t r a t i o n s  a r e  f ou n d  in 
t h e  member s  n e a r  t h e  f u l l y  c o n s t r a i n e d  s u p p o r t s .
The m a j o r i t y  o f  member s  i n  t he  domes  a r e  c a r r y i n g
c o m p r e s s i v e  f o r c e s  and t h e  e x t e n t  o f  t e n s i l e  f o r c e s  i s
l i m i t e d  t o t h e  member s  n e a r  t h e  s u p p o r t s .  N e v e r t h e l e s s ,  t h e  
maximum t e n s i l e  f o r c e  i s  n o t  l a r g e r  t h a n  67% o f  t h e  maximum 
c o m p r e s s i v e  f o r c e  i n  any dome f o r  any l o a d  c a s e .
P a r t i c u l a r l y ,  t h e  t e n s i l e  f o r c e s  a r e  p r a c t i c a l l y  
n o n - e x i s t e n t  whe r e  a l l  t h e  b o u n d a r y  n o d e s  o f  t h e  domes  a r e  
f u l l y  r e s t r a i n e d .
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INTRODUCTION
DOMES : t h e i r  f o r m,  f u n c t i o n  and a r c h i t e c t u r e
Among t h e  mo s t  a s t o n i s h i n g  c r e a t i o n s  o f  N a t u r e ,  an egg i s
t h e  m a s t e r  p i e c e  and t h e  mos t  s hr ewd use  o f  s t r u c t u r a l  
m a t e r i a l  r e s u l t i n g  i n  t h e  g r e a t e s t  p o s s i b l e  f u n c t i o n a l  
s t a b i l i t y .  The e x c e p t i o n a l  economy o f  m a t e r i a l  o f  d o u b l y  
c u r v e d  s h e l l  s t r u c t u r e s  o f  r e v o l u t i o n  e m p h a s i z e s  t h e  
a d v a n t a g e s  o f  t h i s  p a r t i c u l a r  f o r m.  Ovo i da l  s h a p e s ,  
h o we v e r ,  a r e  r a r e l y  u s e d  i n  c i v i l  e n g i n e e r i n g  s t r u c t u r e s  o r  
a r c h i t e c t u r e ,  and i n  p r a c t i c e  t he  s p h e r e  be c ome s  t h e  o p t i ma l  
form o f  p u r e  g e o m e t r y ,  Ref  1.
Na t u r e  u s e s  a p r o f u s i o n  o f  v a r i o u s  s h e l l  f o r ms  o f  s i n g l e  o r  
d o u b l e  c u r v a t u r e ,  t h e s e  n a t u r a l  s t r u c t u r e s  p r o v i d e  t h e  
i n s p i r a t i o n  f o r  a r c h i t e c t s  and e n g i n e e r s  i n  t h e i r  s e a r c h  f o r  
novel  s o l u t i o n s ,  Ref  1.
Domes a r e  o f  s p e c i a l  i n t e r e s t  t o  e n g i n e e r s  and a r c h i t e c t s  a s
t h e y  e n c l o s e  a maxi mum amount  o f  s p a c e  w i t h  a mi ni mum 
s u r f a c e  and have  p r o v e d  t o  be  v e r y  e c o n o mi c  i n  t h e  
c o n s u m p t i o n  o f  m a t e r i a l s .  Domes a r e  a l s o  s u i t a b l e  f o r  
c o v e r i n g  s p o r t s  s t a d i a ,  a s s e mb l y  h a l l s ,  e x h i b i t i o n  c e n t r e s ,  
swi mmi ng p o o l s  and i n d u s t r i a l  b u i l d i n g s  i n  wh i c h  l a r g e  
u n o b s t r u c t e d  a r e a s  a r e  e s s e n t i a l  and wh e r e  mi ni mum
10
i n t e r f e r e n c e  f rom i n t e r n a l  s u p p o r t s  i s  r e q u i r e d .  The 
p r o v i s i o n  o f  u n o b s t r u c t e d  s i g h t - 1  i n e s  f o r  l a r g e  n u mb e r s  o f  
p e o p l e  i s  t h e  p r i m a r y  r e q u i r e m e n t  i n  s p o r t s  h a l l s  and can 
e a s i l y  be  s a t i s f i e d  t h r o u g h  t h e  a d o p t i o n  o f  a domi c  s h a p e ,  
Ref  2.
A dome i s  a t y p i c a l  e x a mp l e  o f  a s y n c l a s t i c  s u r f a c e  i n wh i c h  
t h e  c u r v a t u r e  a t  any p o i n t  i s  o f  t h e  same s i g n  i n  a l l  
d i r e c t i o n s .  Domic s u r f a c e s  c a n n o t  be f l a t t e n e d  i n t o  a p l a n  
w i t h o u t  s t r e c h i n g  o r  s h r i n k i n g .  T h i s  p r o p e r t y  i s  one  o f  t h e  
r e a s o n s  why,  i n  p r a c t i c e ,  domes c a n n o t  be  b u i l t  f rom member s  
o f  t h e  same l e n g t h ;  e v e n  g e o d e s i c  domes r e q u i r e  member s  o f  
d i f f e r e n t  l e n g t h s .
The dome was t h e  n a t u r a l  d e v e l o p m e n t  o f  t h e  a r c h  and ha s  i t s  
own s p e c i a l  p r o b l e m s  l a r g e l y  due t o  a l a c k  o f  a p p r e c i a t i o n  
o f  t h e  f o r c e s  i n v o l v e d .  Many o f  t h e  e a r l y  domes  we r e  t h e  
ma i n  a r c h i t e c t u r a l  f e a t u r e s  o f  t h e i r  r e s p e c t i v e  b u i l d i n g s  
and wer e  h i gh  i n r e l a t i o n  t o  t h e i r  b a s e  w i d t h .
The d e v e l o p m e n t  o f  domes  h a s  b e e n  c l o s e l y  a s s o c i a t e d  whi ch  
t h e  d e v e l o p m e n t  o f  a v a i l a b l e  m a t e r i a l s .  In a n t i q u i t y ,  domes  
we r e  b u i l t  i n  s t o n e ,  b u t  b r i c k w o r k  g r a d u a l l y  r e p l a c e d  t h e  
s t o n e  ma s o n r y .  T i mb e r  was t h e  p r i n c i p a l  r o o f i n g  m a t e r i a l  
u s e d  i n  t h e  Mi d d l e  Ages  and some t i m b e r  domes  f r om t h i s  
p e r i o d  s t i l l  e x i s t .  I r o n  b a r s  wer e  us ed t o  t a k e  t e n s i o n  
l o a d s  a r o u n d  t h e  b a s e ,  p a r t i c u l a r l y  whe r e  a dome was s e t  on 
a r e c t a n g u l a r  b u i l d i n g .
Most  e a r l y  b u i l d i n g s  a p p e a r  t o  have  be en  b u i l t  on a c i r c u l a r  
p l a n  and domes p r o v e d  t o  be  an e a s y  and c o n v e n i e n t  me t h o d  o f  
r o o f i n g  t hem.  Ho we v e r ,  t h o u g h  t h e r e  i s  l i t t l e  d o u b t  t h a t  
t h e  dome s t a r t e d  o n l y  a s  a u t i l i t a r i a n  f or m o f  r o o f i n g ,  t h e  
domi c s ha pe  became  a r e l i g i o u s  symbol  a s s o c i a t e d  in p a g a n ,  
e a r l y  C h r i s t i a n  and I s l a m i c  p e r i o d s  w i t h  t o mb s ,  t a b e r n a c l e s ,
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b a p t i s t e r i e s ,  c h u r c h e s ,  mo s q u e s  and r o y a l  a u d i e n c e  h a l l s .
As a r u l e ,  e a r l i e r  domes  wer e  hemi e l  1 i p t i c a l  o r
h e m i s p h e r i c a l  i n s h a p e  p r o d u c i n g  o n l y  v e r t i c a l  r e a c t i o n s  on
t h e  s u p p o r t s .  I t  h a s  t o  be  r e me mbe r e d  t h a t  t h e  d e s i g n  o f
t h e s e  s t r u c t u r e s  was  b a s e d  on t h e  e x p e r i e n c e  and t h e
i n t u i t i o n  o f  t h e  d e s i g n e r s .
C o n c r e t e  was u s e d  e x t e n s i v e l y  by t h e  Romans f o r  t h e  b u i l d i n g  
o f  dome s ,  b u t  p l a i n  c o n c r e t e ,  a l t h o u g h  s t r o n g  i n 
c o m p r e s s i o n ,  i s  v e r y  weak i n  t e n s i o n ,  so u n - r e  i n  f o r c e d  
c o n c r e t e  domes  had t o  be  made v e r y  t h i c k .  Addi ng  s t e e l  
r e i n f o r c e m e n t  t o  t h e  c o n c r e t e  i n o r d e r  t o  r e s i s t  t h e  t e n s i l e  
f o r c e s  o p e n e d  up an e x i t i n g  new f i e l d  o f  s t r u c t u r a l  
e n g i n e e r i n g .  The f i r s t  r e i n f o r c e d  c o n c r e t e  "RC" s h e l l  dome,  
was b u i l t  i n  e a r l y  2 0 t h  c e n t u r y .
Howeve r ,  t h e  i n i t i a l  g r e a t  e n t h u s i a s m  of  d e s i g n e r s  f o r  t h e  
us e  o f  RC s h e l l  s t a r t e d  g r a d u a l l y  t o  d i e  o u t ,  o n c e  t h e  
d r a wb a c k s  o f  t h i s  f or m of  c o n s t r u c t i o n  wer e  r e a l i z e d - R C  
s h e l l s  r e q u i r e  e l a b o r a t e  and v e r y  e x p e n s i v e  f r a me wo r k ,  a r e  
s l ow i n  c o n s t r u c t i o n  and o f t e n  n o t  r e a l l y  e c o n o mi c  i n  t h e i r  
f i n a l  c o s t .
Th i s  was t h e  t i me  when t h e  a d v a n t a g e s  o f  s t e e l ,  a l u mi n i u m 
a l l o y s  and a l s o  g l a s s - f i b r e  r e i n f o r c e d  p l a s t i c s  wer e  
a p p r e c i a t e d .  The p e r i o d  o f  t h e  l a s t  q u a r t e r  o f  t h e  l a s t  
c e n t u r y  ha s  b e e n  s p e c i a l l y  ma r ke d  a l l  o v e r  t h e  wo r l d  t h r o u g h  
t h e  b o l d  and i m a g i n a t i v e  use  o f  m e t a l - b r a c e d  domes .
New m a t e r i a l s ,  a l u mi n i u m a l l o y s  and s p e c i a l l y  s t e e l s  a r e  now 
t h e  mos t  commonl y u s e d  m a t e r i a l s  f o r  t h e  c o n s t r u c t i o n  o f  
b r a c e d  domes  and a r e  i n f l u e n c i n g  t h e i r  d e v e l o p m e n t  and t h e i r  
use  f o r  c o v e r i n g  l a r g e  s p a n s .  Al umi n i um has  p e r m i t t e d  t h e  
r e a l i z a t i o n  o f  some o f  t h e  mo s t  b e a u t i f u l  s t r u c t u r e s  and i t s
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us e  has  b e e n  i n s t r u m e n t a l  i n  t he  d e v e l o p m e n t  o f
s t r e s s e d - s k i n  s y s t e m s ,  i n  whi c h  t h e  c o v e r i n g  p a n e l s  become  
an i n t e g r a l  p a r t  o f  t h e  s t r u c t u r a l  f r a me wo r k ,  i n c r e a s i n g  a t  
t h e  same t i me  t h e  g e n e r a l  s t a b i l i t y .
In t h e  p r e s e n t  work a s e a r c h  has  be e n  c a r r i e d  o u t  f o r  a 
s i n g l e - l a y e r  s t e e l  b r a c e d  dome o f  mi ni mum w e i g h t  e x a mi n i n g  
d i f f e r e n t  t y p e s  o f  b r a c i n g ,  d i f f e r e n t  b o u n d a r y  c o n d i t i o n s  
and v a r y i n g  h e i g h t  t o  s p a n  r a t i o s .
An opt i mum d e s i g n  i s  o b t a i n e d  t o s a t i s f y  f o u r  d i f f e r e n t  l o a d
c a s e s  f o r  e a c h  p a r t i c u l a r  b o u n d a r y  c o n d i t i o n  and
c o n f i g u r a t i o n .  The r e s u l t s  a r e  p r e s e n t e d  i n g r a p h i c a l  form
c o mp a r i n g  member  f o r c e s  and noda l  d e f l e c t i o n s .
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BRACED 
DOMES
2 . 1  INTRODUCTION
The i n t r o d u c t i o n  o f  s t e e l ,  w i t h  i t s  g r e a t l y  i mp r o v e d  
p r o p e r t i e s  o f  h i g h  s t r e n g t h ,  p r o v e d  t o  be  a f u n d a me n t a l  
i n f l u e n c e  in t h e  d e v e l o p m e n t  o f  v a r i o u s  t y p e  o f  b r a c e d  dome 
and t h e i r  use  f o r  l a r g e  s p a n s .
Wi t h t h e  i n c r e a s e d  a c c e p t a n c e  o f  s t r u c t u r a l  s t e e l ,  domes  
t e n d e d  t o  g e t  s h a l l o w e r  i n  r e s p e c t  o f  t h e i r  s pan  and t o d a y  
domes whi ch  o n l y  h a ve  a s l i g h t  r i s e  become q u i t e  p r a c t i c a l .
The dome i s  e x c e e d i n g l y  e c o n o mi c  i n  t h e  u s e  o f  m a t e r i a l  i n 
t e r ms  o f  w e i g h t  o f  s t e e l  p e r  s q u a r e  m e t r e  c o v e r e d  and d e s i g n  
ha s  d e v e l o p e d  l a r g e l y  w i t h  t h e  o b j e c t i v e  o f  r e d u c i n g  t h e  
number  o f  d i f f e r e n t  s i z e  member s  i n  t h e  s t r u c t u r e .
One o f  t h e  mo s t  i m p o r t a n t  p r o b l e ms  f a c i n g  d e s i g n e r s  i s  t o 
f i n d  t he  g r i d  c o n f i g u r a t i o n  w i t h  t h e  s m a l l e s t  number  o f  
d i f f e r e n t  member s  and  j o i n t s .  V a r i o u s  t y p e s  o f  j o i n t i n g  
s ys t e m have  be en  p r o p o s e d  so f a r ,  t h o u g h  o n l y  some o f  t hem 
a r e  now a v a i l a b l e  i n  p r a c t i c e .  T h i s  i s  m a i n l y  b e c a u s e  o f t e n  
t h e  mos t  s o p h i s t i c a t e d  o n e s  a r e  t oo  c o m p l i c a t e d  o r  c o s t  t o o  
much t o  m a n u f a c t u r e .  From t h e  v i e w p o i n t  o f  c o s t  and mass  
p r o d u c t i o n ,  i t  i s  n o t  f a v o u r a b l e  t o  use  t o o  many d i f f e r e n t
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k i n d s  o f  s t r u c t u r a l  member s  o r  j o i n t s .
A dome i s  v e r y  d i f f i c u l t  s h a p e  t o  c l a d  and many me t h o d s  have  
b e e n  u s e d  whi c h  u s u a l l y  r e q u i r e  c o n s i d e r a b l e  t a i l o r i n g .  
T h i s  makes  c l a d d i n g  an e x p e n s i v e  o p e r a t i o n ,  wh i c h  o f f s e t  t h e  
good e c o n o mi c s  o f  t h e  s t r u c t u r e .  De v e l o p me n t  work h a s  be en  
done on t h e  p r o b l e m and p r o p o s a l s  f o r  a good s o l u t i o n  ha ve  
now become a v a i l a b l e  wh i c h  e n a b l e  s t a n d a r d  s t e e l  p r o f i l e d  
s h e e t s  t o  be u s e d  i n  a c o n v e n t i o n a l  ma n n e r ,  Ref  3.
The r e v i v a l  o f  t h e  i n t e r e s t  i n  b r a c e d  domes  and t h e i r  
f u r t h e r  d e v e l o p m e n t  t o o k  p l a c e  a f t e r  t h e  Se c ond  Wor l d  War .  
Howeve r ,  t h e  mai n  c r e d i t  f o r  r e c e n t  s t r u c t u r a l  d e v e l o p m e n t  
s h o u l d  go t o  s e v e r a l  d i s t i n g u i s h e d  d e s i g n e r s  who a r e  
r e s p o n s i b l e  f o r  t h e  f u r t h e r  d e v e l o p m e n t  o f  v a r i o u s  t y p e s  o f  
b r a c e d  dome and t h e  c o n s t r u c t i o n  o f  a l a r g e  number  o f  such 
s t r u c t u r e s  i n  many p a r t s  o f  t h e  w o r l d .
I t  i s  u s u a l  t o  s u b d i v i d e  b r a c e d  domes i n t o  f o u r  mai n g r o u p s :
( a )  f r a me  o r  s k e l e t o n - t y p e  s i n g l e - l a y e r  domes ;
( b)  t r u s s - t y p e  domes  and d o u b l e - l a y e r  domes ( s u i t a b l e  f o r  
c o v e r i n g  v e r y  l a r g e  s p a n s ) ;
( c )  s t r e s s e d  s k i n  t y p e  ( i n  whi ch  t h e  c o v e r i n g  i s  c o n n e c t e d  
t o  t h e  b r a c i n g  member s  and for m an i n t e g r a l  p a r t  o f  
t h e  mai n l o a d - c a r r y i n g  s t r u c t u r a l  s y s t e m ) ;
( d )  f o r me d  s u r f a c e  t y p e  domes  ( i n  whi c h  t h i n  s t e e l ,  a l u m i ­
ni um or  GRP s h e e t s  a r e  b e n t  and i n t e r c o n n e c t e d  a l o n g  
t h e i r  e d g e s  t o  f or m t h e  mai n s k e l e t o n  s y s t e m o f  t h e  
dome) .
Most  domes a r e  e x a mp l e s  o f  t h e  f i r s t  t y p e .  They a r e  u s e d  
f o r  s m a l l e r  s p a n s ,  t h o u g h  t h e r e  a r e  few e x a mp l e s  o f  s i n g l e ­
l a y e r  domes r e a c h i n g  a c l e a r  s pan  e x c e e d i n g  even  100 m, Ref  
2.
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The d o u b l e - l a y e r  domes  a r e  e x c e p t i o n a l l y  r i g i d  and a r e  u s e d  
f o r  v e r y  l a r g e  s p a n .  At  p r e s e n t  t h e  l a r g e s t  c l e a r  s p a n  i n  
t h e  wo r l d  i s  c o v e r e d  by a d o u b l e - l a y e r  dome o f  213 m 
d i a m e t e r ,  Ref  2 .
2 . 2  TYPES OF BRACED DOMES
The s u r v e y  o f  b r a c e d  domes  wh i c h  have  be en  b u i l t  w i t h i n  t h e  
l a s t  20 y e a r s  s hows  t h a t  o n l y  f o u r  or  f i v e  t y p e s  p r o v e d  t o  
be f r e q u e n t l y  u s e d  i n p r a c t i c e .  P r o f e s s o r  Makowski  i n  h i s  
b o o k ,  " A n a l y s i s ,  d e s i g n  and c o n s t r u c t i o n  o f  b r a c e d  domes"  
p u b l i s h e d  in 1984,  r e f e r r e d  t o t h e  d e v e l o p m e n t  o f  t h e  mo s t  
commonl y us ed  t y p e s  o f  b r a c i n g  f o r  s k e l e t o n  domes .  They a r e
( a )  r i b b e d  domes ,  wh i c h  a r e  now o f t e n  us ed  and a r e  
f r e q u e n t l y  c o n s t r u c t e d  i n  p r e f a b r i c a t e d  t u b u l a r  
a r c h e d  r i b  u n i t s ,  Fi g  2 . 2 . 1 ;
( b )  S c h we d l e r  d o me s ,  whi ch  we r e  i n t r o d u c e d  i n  1863 
and s t i l l  r e ma i n  e x t r e m e l y  p o p u l a r  e s p e c i a l l y  
i n  t h e  USA, F i g  2 . 2 . 2 ;
( c )  b r a c e d  dome s ,  wh i c h  i n  Eur ope  a r e  now m o s t l y  
b e i n g  b u i l t  a s  t h r e e - w a y  s i n g l e - l a y e r  g r i d s ,
Fi g 2 . 2 . 3 ;
(d)  p a r a l 1 e l - 1 a me l 1 a domes ,  wh i c h  c o n t i n u e  t o  
be  u s e d  f o r  v e r y  l a r g e  s p a n s  i n t h e  USA,
Fi g 2 . 2 . 4 ;
( e )  g e o d e s i c  dome s ,  wh i c h  a r e  now wel l  e s t a b l i s h e d  
and us e d  i n  p r a c t i c e ,  b u t  m a i n l y  i n a l u mi n i u m,
Fi g 2 . 2 . 5 .
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2 . 3  OPTIMIZATION OF BRACED DOMES
T h e o r e t i c a l  a n a l y s e s  on t h e  economy o f  s t r u c t u r e s  a r e  mo s t  
o f t e n  b a s e d  on t h e  c r i t e r i o n  o f  mi ni mum vol ume  o f  m a t e r i a l .  
T h i s  a p p r o a c h  d o e s  n o t  n e c e s s a r i l y  l e a d  t o  a c o r r e c t  a n s we r ,  
as  any e c o n o mi c  d e s i g n  i s  g r e a t l y  i n f l u e n c e d  by p r a c t i c a l  
a s p e c t s ,  wh i c h  a r e  b a s e d  m a i n l y  on e x p e r i e n c e  and i n g e n u i t y  
and t h e r e f o r e  can  n e v e r  be  f u l l y  i n c l u d e d  i n t h e o r e t i c a l  
an al y s e s  .
The s e a r c h  c o n t i n u e s  f o r  a s t r u c t u r e  o f  mi ni mum w e i g h t  a s  a 
f u n c t i o n  o f  c e r t a i n  p r e - a s s i g n e d  p a r a m e t e r s ,  s uc h  a s  s p a n ,  
s u p p o r t  c o n d i t i o n s ,  e x t e r n a l  l o a d i n g  and s t r u c t u r a l  
t o p o l o g y .
To o b t a i n  an opt i mum b r a c e d  dome in t e r ms  o f  mi ni mum c o s t  i s  
much mor e  d i f f i c u l t ,  b e c a u s e ,  i n a d d i t i o n  t o  t h e  p a r a m e t e r s  
m e n t i o n e d  a b o v e ,  t h e  d e s i g n e r  has  t o  i n c l u d e  i n h i s  
o p t i m i z a t i o n  a p p r o a c h  t h e  i n f l u e n c e  o f  t h e  c o s t  o f  j o i n t s ,  
t y p e  o f  r o o f  c o v e r i n g ,  f a b r i c a t i o n  and e r e c t i o n  t e c h n i q u e s ,  
wh i c h  may have  a p r o f o u n d  i n f l u e n c e  on t h e  f i n a l  c o s t  o f  t h e  
f i n i s h e d  s t r u c t u r e .
Be f o r e  t h e  i n t r o d u c t i o n  o f  e l e c t r o n i c  c o m p u t e r s ,  o n l y  v e r y  
r a r e l y  we r e  c o m p a r i s o n s  o f  s e v e r a l  a l t e r n a t i v e  d e s i g n s  
c a r r i e d  o u t ,  a s  e a c h  a n a l y s i s  was a t e d i o u s  and t i me  
c o n s u mi n g  o p e r a t i o n .  Nowaday,  w i t h  t h e  g e n e r a l  a v a i l a b i l i t y  
o f  h i g h - s p e e d  c o m p u t e r s ,  t h e  s i t u a t i o n  ha s  c h a n g e d  
d r a s t i c a l l y  and t h e  f i n a l  d e s i g n s  o f  l a r g e - s p a n  i m p o r t a n t  
domes a r e  t he  r e s u l t  o f  e x t e n s i v e  f e a s i b i l i t y  s t u d i e s  o f  
d i f f e r e n t  t y p e s  o f  dome,  c o mp a r e d  i n  o r d e r  t o  a s s e s s  t h e  
a d v a n t a g e s  and d i s a d v a n t a g e s  o f  e a c h  s o l u t i o n .
As m e n t i o n e d  a b o v e ,  t h e  d e a d  w e i g h t  o f  domes  i s  a f u n c t i o n  
o f  t h e  s t r u c t u r a l  m a t e r i a l  u s e d ,  i t  d e p e n d s  m a i n l y  on t h e
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s p a n ,  r i s e - t o - s p a n  r a t i o ,  t y p e  o f  b r a c i n g ,  b o u n d a r y  
c o n d i t i o n ,  i n t e n s i t y  o f  e x t e r n a l  l o a d i n g  a p p l i e d ,  t h e  t y p e  
of  c o v e r i n g  and t h e  m a t e r i a l  i n whi c h  t h e  s t r u c t u r e  w i l l  be 
b u i l t .
The i n i t i a l  c o s t  o f  t h e  s t r u c t u r e  i s  f r e q u e n t l y  an i m p o r t a n t  
c r i t e r i o n  i n  s e l e c t i n g  a p a r t i c u l a r  t y p e  o f  s y s t e m .  A
r e s p o n s i b l e  c o n s u l t i n g  e n g i n e e r  w i l l ,  no d o u b t ,  r e mi n d  h i s
c l i e n t  t h a t  many f a c t o r s  have  t o  be  t a k e n  i n  t o  a c c o u n t ,  t h e
a v a i l a b i l i t y  o f  t h e  m a t e r i a l ,  t h e  e a s e  and s p e e d  o f  
e r e c t i o n ,  t h e  t r a n s p o r t a t i o n  c o s t  and t h e  m a i n t e n a n c e  c o s t ,  
whi ch  u n f o r t u n a t e l y  i s  o n l y  r a r e l y  t a k e n  in t o  a c c o u n t  a t
t h e  t i me  o f  t h e  f i n a l  d e c i s i o n .
2 . 4  FORMEX FORMULATION OF BRACED DOMES
An e x c e l l e n t  and e l e g a n t  s o l u t i o n  f o r  a u t o m a t e d  d a t a  
g e n e r a t i o n  i s  p r o v i d e d  by a g e n e r a l  s y s t e m of  c o n f i g u r a t i o n  
p r o c e s s i n g  wh i c h  ha s  f o r me x  a l g e b r a  a s  i t s  b a s i s .  The b a s i c  
c o n c e p t s  o f  f o r mex  was o r i g i n a l l y  c o n c e i v e d  by H Noos h i n  i n 
1 9 7 2 - 1 9 7 3 .  The e a r l y  i d e a s  we n t  t h r o u g h  s u b s t a n t i a l
t r a n s f o r m a t i o n  d u r i n g  t h e  y e a r s  t h a t  f o l l o w e d  and an up t o  
d a t e  a c c o u n t  o f  t h e  c o n c e p t  o f  f or mex a l g e b r a  i s  g i v e n  i n  
t he  book w r i t t e n  by Dr .  Noos h i n  i n "For mex C o n f i g u r a t i o n  
P r o c e s s i n g  i n s t r u c t u r a l  E n g i n e e r i n g "  and p u b l i s h e d  i n 19 8 4 .  
Formex a l g e b r a  i s  a m a t e m a t i c a l  s y s t e m t h a ^  c o n s i  s t s  o f  a 
s e t  o f  a b s t r a c t  o b j e c t s ,  a s e t  o f  r e l a t i o n s  and a s e t  o f  
o p e r a t i o n s  and f u n c t i o n s .  Formex a l g e b r a  may be  u s e d  in 
v a r i o u s  ways  t o  ov e r c o me  t h e  d i f f i c u l t i e s  o f  d a t a  
g e n e r a t i o n .  I t  a l l o w s  n e t w o r k s  o f  a l l  k i n d s  t o  be
f o r m u l a t e d  and i s  a v a l u a b l e  t o o l  i n  d e a l i n g  w i t h  c o mp l e x  
c o n f i  g u r a t i o n s .
F o r mi c e s  may be  u s e d  t o  r e p r e s e n t  t h e  i n t e r c o n n e c t i o n
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p a t t e r n  o f  a c o n f i g u r a t i o n .  Ge o me t r i c  p a r t i c u l a r s  may be 
r e l a t e d  t o  t h e  f o r me x  r e p r e s e n t a t i o n  o f  a c o n f i g u r a t i o n  
t h r o u g h  s e t  o f  r u l e s  and c o n v e n t i o n s  r e f e r r e d  t o  as 
" r e t r o b a s e s " . In o r d e r  t o  r e p r e s e n t  a c o n f i g u r a t i o n  t h r o u g h  
f o r m i c e s ,  i t  i s  c o n v e n i e n t  t o  a d o p t  a s e t  o f  r u l e s  known as 
" p r o b a s i s "  t h r o u g h  wh i c h  t h e  c o r r e s p o n d e n c e  or
t r a n s f o r m a t i o n  may be  s p e c i f i e d .
G r a p h i c a l  r e p r e s e n t a t i o n  and c o o r d i n a t e  s y s t e m s  a r e  common 
means  t o  i mp l e me n t  t h e  mu t ua l  r e l a t i o n  b e t we e n
c o n f i g u r a t i o n s  and f o r m i c e s  and t h e y  n o r m a l l y  c o n s t i t u t e
f u n d a me n t a l  a s p e c t s  o f  p r o b a s e s  and r e t r o b a s e s .  A g r a p h i c a l  
a r r a n g e m e n t ,  f o r  i n s t a n c e ,  may be  i n t e r p r e t e d  e i t h e r  a s  an
i n t e r c o n n e c t i o n  p a t t e r n  o r  as  a f or mex p l o t .
An i n t e r c o n n e c t i o n  p a t t e r n  i s  c o n s i d e r e d  t o  be  f r e e  o f  any 
g e o m e t r i c  d e f i n i t i o n .  On t h e  o t h e r  h a n d ,  a g r a p h i c a l
r e p r e s e n t a t i o n  o f  t h e  i n t e r  c o n n e c t i o n  p a t t e r n  o r  a f or mex
p l o t  i s  a g e o m e t r i c  o b j e c t .  Th u s ,  one  may p l a y  w i t h  v a r i o u s
g r a p h i c a l  c o n v e n t i o n s  and c o o r d i n a t e  s p e c i f i c a t i o n s  e i t h e r  
t o e a s e  t he  t r a n s f o r m a t i o n s  o r  c o r r e s p o n d e n c e  b e t we e n  
c o n f i g u r a t i o n  and f o r m i c e s  o r ,  m o r e o v e r ,  t o  o b t a i n  
c o n f i g u r a t i o n s  wi t h  l i t t l e  g e o m e t r i c  s i m i l a r i t y  f r om t h e \  
same i n t e r c o n n e c t i o n  p a t t e r n .  For  i n s t a n c e ,  c o n f i g u r a t i o n s  
wi t h  r o t a t i o n  o r  c y c l i c  s y mme t r y ,  s uch  a s  v a r i o u s  t y p e s  o f  
dome s ,  a r e  c o n v e n i e n t l y  s p e c i f i e d  i n p o l a r  o r  s p h e r i c a l  
c o o r d i n a t e  s y s t e m s .  On t h e  o t h e r  h a n d ,  f o r m i c e s  may be  
p l o t t e d  by u s i n g  p o l a r  o r  s p h e r i c a l  c o o r d i n a t e  s y s t e m s  in 
o r d e r  t o  o b t a i n  g r a p h i c a l  and g e o m e t r i c  c o n f i g u r a t i o n s  
s howi ng  r o t a t i o n a l  and r a d i a l  e f f e c t s .
To g e n e r a t e  t h e  e l e m e n t  t o p o l o g y  and node c o o r d i n a t e s  
r e q u i r e d  f o r  t h e  a n a l y s i s  c o mp u t e r  p r o g r a m,  i n  t h e  p r e s e n t  
wor k ,  e x t e n s i v e  use  was made o f  f or mex a l g e b r a  d e v e l o p e d  a t  
t h e  Space  S t r u c t u r e s  R e s e a r c h  C e n t r e  o f  t h e  U n i v e r s i t y  o f  
S u r r e y  by H No o s h i n .
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An u n d e r s t a n d i n g  o f  t h e  f l o w o f  wi nd a r o u n d  any s t r u c t u r e ,  
l e a d i n g  t o  t h e  a c c u r a t e  p r e d i c t i o n  o f  wi nd p r e s s u r e  and 
f o r c e s ,  i s  an e s s e n t i a l  r e q u i r e m e n t  f o r  mode r n  s t r u c t u r a l  
d e s i g n .  T h i s  i s  e s p e c i a l l y  i m p o r t a n t  i n  v i e w o f  t h e  r a p i d  
d e v e l o p m e n t s  i n  b u i l d i n g  d e s i g n  and c o n s t r u c t i o n  t e c h n i q u e s  
r e s u l t i n g  i n  s t r u c t u r e s  wh i c h  a r e  be c o mi n g  f a r  mor e
s u s c e p t i b l e  t o t h e  e f f e c t  o f  t h e  wi n d .  Th i s  i s  due in p a r t ,
t o  t h e  us e  o f  l i g h t - w e i g h t  c l a d d i n g  m a t e r i a l s ,  i n e v i t a b l y  
l e a d i n g  t o r e d u c t i o n s  i n  s t r e n g t h  and s t i f f n e s s ,  and a l s o  t o  
t h e  a p p l i c a t i o n  o f  s o p h i s t i c a t e d  c o m p u t e r - a s s i s t e d  d e s i g n  
me t h o d s .  Thes e  me t h o d s  h a v e  r emoved  many o f  t h e  e l e m e n t s  o f  
a p p r o x i m a t i o n  f r om s t r u c t u r a l  a n a l y s i s  and t h i s ,  i n  t u r n ,  
has  l e d  t o  s t r u c t u r e s  whose  p e r f o r m a n c e  c an  be  mor e  
a c c u r a t e l y  p r e d i c t e d .  For  t h i s  r e a s o n ,  i t  i s  o f  f u n d a me n t a l
i m p o r t a n c e  t h a t  e x t e r n a l  l o a d s ,  and in p a r t i c u l a r  wi nd
l o a d s ,  a r e  c o r r e c t l y  e s t i m a t e d .
The d e t e r m i n a t i o n  o f  snow l o a d i n g  a c t i o n  on domes  i s  
e x t r e m e l y  d i f f i c u l t  and s e v e r a l  known e x a mp l e s  o f  c o l l a p s e  
o f  domes  show t h a t  t h e  f a i l u r e  ha s  be en  p r o d u c e d  by t h e
u n s y mme t r i c  a c c u m u l a t i o n  o f  snow.
The m a j o r i t y  o f  c o d e s  a r e  o n l y  a b l e  t o  p r o v i d e  d a t a  r e l a t i n g  
t o  t h e  mo s t  o f  t h e  common s h a p e s  o f  b u i l d i n g ,  b u t  a s  a r u l e
do n o t  p r o v i d e  f o r  u n u s u a l  o r  ' d i f f i c u l t '  s t r u c t u r e s  s uch  a s
d o me s .
In t he  Un i t e d  Ki ngdom,  t h e r e  a r e  no s p e c i a l  c o n s i d e r a t i o n s  
t h a t  a r e  r e q u i r e d  by  t h e  c o d e s  o f  s t a n d a r d s  f o r  t h e  d e s i g n  
o f  domes .  The p r i me  l o a d i n g  i s  o b t a i n e d  f rom BS 6399 :
P a r t  1,  c ode  o f  b a s i c  d a t a  f o r  t h e  d e s i g n  o f  b u i l d i n g s ,  
wh i c h  g i v e s  t h e  v a l u e s  f o r  dead  and s u p e r i mp o s e d  l o a d s ,  and 
CP3 : C h a p t e r  5 : P a r t  2 ,  g i v e s  i n f o r m a t i o n  on t h e
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d e t e r m i n a t i o n  o f  t h e  d e s i g n  wi nd v e l o c i t i e s  i n  r e l a t i o n  t o 
t h e  s u r r o u n d i n g  t e r r a i n  and t h e  h e i g h t  o f  t h e  s t r u c t u r e .
Wi t h a dome,  h o w e v e r ,  due t o  i t s  s p e c i a l  s t r u c t u r a l
c h a r a c t e r i s t i c s ,  i t  i s  n e c e s s a r y  t o  g i v e  c o n s i d e r a t i o n  t o  
p a r t i c u l a r  l o a d i n g  s i t u a t i o n s .  N o mi n a l l y ,  t h e  i mpos e d  
l o a d i n g  due t o  snow s h o u l d  be  c o n s i d e r e d  w i t h  t h e
p o s s i b i l i t y  t h a t  i t  may b e  un s y mme t r i c  al  1 y p o s i t i o n e d .  Th i s  
can q u i t e  e a s i l y  be  c a u s e d  by t h e  a c c u m u l a t i o n  o f  snow in 
t he  v a l l e y s  b e t we e n  domes  i n  a m u l t i p l e  dome a r r a n g e m e n t  o r  
s i mp l y  due t o  t h e  e f f e c t s  o f  wi nd wher e  t h e r e  i s  a s i n g l e  
dome.
The p o s s i b l e  v a l u e s  a r e  d i f f i c u l t  t o a s c e r t a i n  as  t h e r e  i s  
l i t t l e  i n f o r m a t i o n  on t h i s  s u b j e c t  a l t h o u g h  t h e  p r o p o s a l  
g i v e n  in I S O/ DI S / 4 3 5 5 ,  B a s i s  f o r  d e s i g n  o f  s t r u c t u r e s :
d e t e r m i n a t i o n  o f  snow l o a d s  on r o o f s ,  5 . 2 . 3 ,  S i mp l e  c u r v e d  
r o o f s ,  w i l l  be  o f  i n t e r e s t ,  a l t h o u g h  t h e  a c t u a l  v a l u e s  
s h o u l d  be  d e t e r m i n e d  by  t h e  e n g i n e e r  i n t h e  l i g h t  o f  t h e  
a c t u a l  c o n f i g u r a t i o n  and l o c a t i o n  o f  t h e  s t r u c t u r e .  S e c t i o n
5 . 2 . 3  i s  r e p r o d u c e d  i n  F i g ,  2 . 5 . 1 .
In CP3 : C h a p t e r  5 : P a r t  2,  c o e f f i c i e n t s  f o r  domes  a r e
n o t  g i v e n .  An e x t r a c t  i s  g i v e n  f rom t h e  Re c o mme n d a t i o n s  f o r  
t he  c a l c u l a t i o n  o f  wi nd e f f e c t s  on b u i l d i n g s  and s t r u c t u r e s ,  
i s s u e d  by T e c h n i c a l  Co mmi t t e e  T. 12  o f  t h e  Eu r o p e a n  
C o n v e n t i o n  f o r  c o n s t r u c t i o n a l  s t e e l w o r k .  Th i s  i s  shown in 
F i g ,  2 . 5 . 2 .
I t  may be  c o n c l u d e d  t h a t ,  h a v i n g  r e g a r d  t o  t he  r e l i a b i l i t y  
o f  t h e  a v a i l a b l e  i n f o r m a t i o n  on domes ,  t h e  c o d e s  o f  p r a c t i c e  
a r e  o n l y  s u i t a b l e  f o r  p r e l i m i n a r y  d e s i g n  p u r p o s e s .  I t  i s  
t h e r e f o r e  n e c e s s a r y  t o  u n d e r t a k e  f u r t h e r  w i n d - t u n n e l  t e s t s  
i n an a t t e m p t  t o  e s t a b l i s h  mor e  a c c u r a t e l y  t h e  p r e s s u r e  
d i s t r i b u t i o n s  on dome s .
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Simple curved roofs
The following cases, 1 and 2, must be examined :
C«m 1
----*7
Al
(
=T
---------- TO
ju, = 0,8.
Cm* 2
Restriction :
2^ 2-3 Intensity of nominal snowload on roof, s = idsc , where sc =
g = Oif 0>60° characteristic intensity of snow load on ground.
S l l O W  l o a d s :  D raft  IS O /D IS  4355, S e c t io n  5.2.3 S im ple curved roofs
Fig 2.5.1
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Cpe i s  c o n s t a n t  a lo n g  t h e  i n t e r s e c t i o n  between th e  dome and p la n e s  
p e r p e n d ic u la r  t o  t h e  wind : i t  can be determ ined  as a f i r s t  a p p r o x i ­
m ation  by l i n e a r  i n t e r p o l a t i o n  between  th e  v a lu e s  a t  A, B and C.
C y l in d r ic a l  s t r u c t u r e s  su p p ort in g  sp h e r e s  
o r  p o r t io n s  o t  sp h e re s
Wind loads: extract  from  Recommendations for the calcula­tion of wind effects on buildings and structures (ECCS)
Fig 2.5.2
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The a r e a  o f  dome on s p h e r e  and p l a n e  f o r  e a c h  node  i s  
r e q u i r e d  i n  o r d e r  t o  e s t i m a t e  t h e  v a l u e  o f  d e a d ,  i mp o s e d ,  
snow,  and wi nd l o a d s  a t  e a c h  node  by u s i n g  c o r r e s p o n d ! ' n g  
s u r f a c e  a r e a .
I t  i s  e s s e n t i a l  t h a t  s p e c i f i c  c o n s i d e r a t i o n  be g i v e n  t o  e a c h  
l o a d i n g  p o i n t  and t h e  p o s s i b l e  c o m b i n a t i o n s  a s  t h e s e  w i l l  
have  a c o n s i d e r a b l e  e f f e c t  on t he  s t a b i l i t y  o f  t h e  
s t r u c t u r e .
2 . 6  ANALYSIS
The e x a c t  a n a l y s i s  o f  b r a c e d  domes r e m a i n e d ,  f o r  many y e a r s ,  
a v e r y  d i f f i c u l t  t a s k .  Howeve r ,  t h e  i n t r o d u c t i o n  o f  
l a r g e - c a p a c i t y  e l e c t r o n i c  c o mp u t e r s  and t h e  r e c e n t  
d e v e l o p me n t  i n  t h e  a l g e b r a i c  p r o c e s s i n g  o f  s t r u c t u r e s  now 
e n a b l e  d e s i g n e r  t o  d e t e r m i n e  t h e  s t r e s s  d i s t r i b u t i o n  in 
b r a c e d  domes w i t h  a v e r y  h i g h  d e g r e e  o f  a c c u r a c y .  So,  many 
o f  t h e  e x c i t i n g  p o s s i b i l i t i e s  o f f e r e d  by t h i s  f or m of  
c o n s t r u c t i o n  c a n  now be  a c h i e v e d  r e a d i l y  and wi t h  
c o n f i d e n c e ,  Ref  10.
The o b j e c t  o f  a n a l y s i s  a s t r u c t u r e  i s  t o  p r e d i c t  i t s  
b e h a v i o u r  u n d e r  p r e s c r i b e d  e x t e r n a l  a c t i o n s  so t h a t  i t  may 
be d e s i g n e d  t o  w i t h s t a n d  t h e s e  a c t i o n s  s a f e l y .
The i n t e r n a l  f o r c e s  and d i s p l a c e m e n t s  o f  a s t r u c t u r e  u n d e r  a 
g i v e n  s y s t e m o f  e x t e r n a l  a c t i o n s  s a t i s f y  t h e  c o n d i t i o n s  o f  
e q u i l i b r i u m  and c o m p a t i b i l i t y  t h r o u g h o u t  t h e  s t r u c t u r e  and 
any t e c h n i q u e  f o r  a n a l y s i s  o f  s t r u c t u r e s  c o n s i s t s  o f  a 
s y s t e m a t i c  s e a r c h  t o  f i n d  a s e t  o f  i n t e r n a l  f o r c e s  and 
d i s p l a c e m e n t s  t h a t  s a t i s f i e s  t h e s e  c o n d i t i o n s
s i mul  t a n e o u s l y .
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The s t i f f n e s s  me t h o d  o f  a n a l y s i s  i s  a p o p u l a r  and w i d e l y  
us e d  t e c h n i q u e  wh i c h  i s  i d e a l l y  s u i t e d  t o  i m p l e m e n t a t i o n  on 
a d i g i t a l  c o m p u t e r .
In t h i s  me t hod  o f  a n a l y s i s ,  e q u a t i o n s  o f  e q u i l i b r i u m  a r e  s e t  
up i n  t e r ms  o f  t h e  noda l  d i s p l a c e m e n t s  a s  unknowns .  The s e  
e q u a t i o n s  a r e  s o l v e d  t o  e v a l u a t e  t h e  noda l  d i s p l a c e m e n t s  and 
f r om t h e  d i s p l a c e m e n t s  member  f o r c e s  a r e  c a l c u l a t e d  u s i n g  
t h e  f o r c e - d i s p l a c e m e n t  r e l a t i o n s h i p s  f o r  e a c h  e l e m e n t .
The a n a l y s i s  r e q u i r e s  a l a r g e  amount  o f  l i n e a r  a l g e b r a i c  
m a n i p u l a t i o n  and t h e  mo s t  s u i t a b l e  b r a n c h  o f  m a t h e m a t i c s  f o r  
r e p r e s e n t i n g  s uch  m a n i p u l a t i o n s  i s  m a t r i x  a l g e b r a .  In 
a d d i t i o n  t o  b e i n g  i d e a l l y  s u i t e d  t o  c o mp u t e r  i m p l e m e n t a t i o n ,  
m a t r i x  a l g e b r a  a l l o w s  t h e  b a s i c  c o n c e p t s  t o  s t a n d  o u t ,  
a l l o w i n g  t h e  f u n d a me n t a l  p r i n c i p l e s  t o  be e a s i l y  and r e a d i l y  
a p p r e c i a t e d .
L i n e a r  s t r u c t u r a l  a n a l y s i s ,  a s  t h e  name i m p l i e s ,  dea l  wi t h  
t h e  a n a l y s i s  o f  s t r u c t u r e s  wh i c h  b e h a v e  l i n e a r l y .  V i r t u a l l y  
no s t r u c t u r a l  s y s t e m s  b e h a v e  i n  a t r u l y  l i n e a r  f a s h i o n ,  b u t  
mo s t  p r a c t i c a l  s y s t e m s  b e h a v e  a l m o s t  l i n e a r l y  w i t h i n  t h e  
r a n g e  o f  l o a d i n g  f o r  wh i c h  t h e y  a r e  d e s i g n e d .  In t h e
a n a l y s i s  o f  a l i n e a r  s y s t e m ,  t h e  e q u a t i o n  o f  e q u i l i b r i u m  a r e
s e t  up i n  t e r ms  o f  t h e  u n d i s p l a c e d  s hape  o f  t h e  s t r u c t u r e
and s o l v e d  t o  e v a l u a t e  t h e  d i s p l a c e m e n t s .
The f i r s t  s t e p  i n  s uc h  an a n a l y s i s  i s  t h e  d e t e r m i n a t i o n  o f  
t h e  r e l a t i o n s h i p  b e t we e n  f o r c e s  and d i s p l a c e m e n t s  a f f e c t i n g  
e ac h  p a r t  o f  t h e  s t r u c t u r e .  The s e  r e l a t i o n s h i p s  a r e  u s e d  i n  
f o r mi n g  t h e  p r i m a r y  s t i f f n e s s  m a t r i x  o f  t h e  s t r u c t u r e  whi c h  
r e l a t e s  t h e  d i s p l a c e m e n t s  o f  t h e  j o i n t s  o f  t h a t  s t r u c t u r e  t o  
t h e  c o mp o n e n t s  o f  t h e  e x t e r n a l  l o a d  a p p l i e d  a t  t h e  j o i n t s  
and t h e  c o mp o n e n t s  o f  t h e  r e a c t i o n  a t  t h e  c o n s t r a i n e d  
j o i n t s .  T h i s  r e l a t i o n  s h i p  c a n  be s y m b o l i z e d  as
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K d = w,
wer e  K i s  t h e  p r i m a r y  s t i f f n e s s  m a t r i x  o f  t h e  s t r u c t u r e ,  d 
i s  t h e  d i s p l a c e m e n t  v e c t o r  o f  t h e  s t r u c t u r e  and w i s  t h e  
a p p e n d e d  l o a d  v e c t o r  o f  t h e  s t r u c t u r e .
T h i s  r e l a t i o n s h i p  d o e s  n o t ,  h o we v e r ,  t a k e  i n  t o
c o n s i d e r a t i o n  t h e  m a t t e r  o f  s u p p o r t  c o n s t r a i n t s .  The
a f o r e m e n t i o n e d  e q u a t i o n  c o n t a i n s  t h e  e q u i l i b r i u m  c o n d i t i o n s  
t h r o u g h o u t  t h e  s t r u c t u r e  b u t  d o e s  n o t  f u l l y  r e p r e s e n t  t h e  
c o m p a t i b i l i t y  r e q u i r e m e n t s .  The c o n s i s t e n c y  o f  me mb e r - e n d  
d i s p l a c e m e n t s  w i t h  t h e  r e l e v a n t  j o i n t  d i s p l a c e m e n t s  i s
i n s u r e d ,  b u t  t h e  e x t e r n a l  c o m p a t i b i l i t y  c o n d i t i o n s  a t  t h e  
s u p p o r t s  a r e  n o t  t a k e n  i n t o  a c c o u n t .  Mo d i f y i n g  t h e  s y s t e m 
K. d = w t o  t a k e  i n t o  a c c o u n t  s u p p o r t  c o n d i t i o n s  r e s u l t s  i n  a 
s y s t e m whi ch  i s  c o m p l e t e  e x p r e s s i o n  o f  a l l  t h e  c o n d i t i o n s  o f  
e q u i l i b r i u m  and c o m p a t i b i l i t y  t h r o u g h o u t  t h e  s t r u c t u r e .  In 
s y mb o l i c  n o t a t i o n ,  t h i s  r e l a t i o n s h i p  i s
K d = w,
whe r e  K i s  t h e  s t i f f n e s s  m a t r i x  o f  t h e  s t r u c t u r e ,  d i s  t h e  
d i s p l a c e m e n t  v e c t o r  o f  t h e  s t r u c t u r e  and w i s  t h e  l o a d  
v e c t o r  o f  t h e  s t r u c t u r e .
Un l i k e  w, w d oe s  n o t  i n c l u d e  any i n f o r m a t i o n  a b o u t  t h e  
c o mp o n e n t s  o f  r e a c t i o n .  Which a r e  o f  c o u r s e ,  unknown a t  
t h i s  s t a g e .  T h i s  s y s t e m can now be s o l v e d  t o  o b t a i n  v a l u e s  
f o r  t h e  h i t h e r t o  unknown noda l  d i s p l a c e m e n t s ,  and f r om t h e s e  
d i s p l a c e m e n t s ,  a g a i n  u s i n g  t h e  f o r c e - d i s p l a c e m e n t
r e l a t i o n s h i p s ,  member  f o r c e s  c an  be e v a l u a t e d .  From t h e  
member  f o r c e s  a t  a c o n s t r a i n e d  j o i n t ,  r e a c t i o n s  c a n  be 
e v a l u a t e d  s i mp l y  by c o n s i d e r i n g  e q u i l i b r i u m .
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2 . 7  DESIGN OF BRACED DOMES
G e n e r a l l y  s p e a k i n g ,  a l a r g e r  number  o f  d i f f e r e n t  s t r u c t u r a l  
member s  and j o i n t s  i s  n e e d e d  i n  dome s t r u c t u r e s  t h a n  i n f l a t  
o r  c y l i n d r i c a l  s t r u c t u r e s .  T h e r e f o r e ,  one  o f  t h e  mo s t  
i m p o r t a n t  p r o b l e ms  f a c i n g  a d e s i g n e r  i s  t o  f i n d  t h e  g r i d  
c o n f i g u r a t i o n  wi t h  t h e  s m a l l e s t  number  o f  d i f f e r e n t  member s  
a n d j o i n t s .  .................
A t r i a n g u l a r  s p h e r i c a l  g r i d ,  b e c a u s e  i t  p r o v i d e s  g r e a t e r  
r i g i d i t y  t h a n  o t h e r  g r i d s ,  whi ch  i s  a g o v e r n i n g  f a c t o r  i n 
t he  l a t e r a l  s t a b i l i t y  o f  domes ,  i s  t h e  b e s t  a r r a n g e m e n t  o f  
t h e  g r i d s .
The c h o i c e  o f  t h e  f r e q u e n c y  h a s  an i m p o r t a n t  i n f l u e n c e  on 
t h e  f i n a l  c o s t .  An e x c e s s i v e  s u b d i v i s i o n  r a p i d l y  i n c r e a s e s  
t he  number  o f  j o i n t s  i n  t h e  s t r u c t u r e  and o b v i o u s l y  ha s  a 
d i r e c t  b e a r i n g  on t h e  f a b r i c a t i o n  c o s t  and t h e  c u t t i n g  o f  
t he  member s .  I f ,  on t h e  o t h e r  h a n d ,  t h e  f r e q u e n c y  i s  t o o  
l o w,  t h e  d e n s i t y  o f  t h e  r e s u l t i n g  ne t wor k  w i l l  be  r e d u c e d ,  
c a u s i n g  a t  t h e  same t i me  an i n c r e a s e  in t he  l e n g t h  o f  t h e  
c o mp o n e n t  membe r s .  As t h e y  have  t o  be  d e s i g n e d  t o  c a r r y  
c o m p r e s s i v e  f o r c e s ,  t h e i r  i n c r e a s e d  l e n g t h  a u t o m a t i c a l l y
l e a d s  t o  a h i g h e r  s l e n d e r n e s s  r a t i o  and r e q u i r e s  a l a r g e
c r o s s - s e c t i o n  to p r e v e n t  e l a s t i c  i n s t a b i l i t y  o f  t h e  me mbe r s .  
The i n c r e a s e  i n t h e  w e i g h t  o f  t h e  s t r u c t u r e  o b v i o u s l y  
r e s u l t s  i n  a h i g h e r  c o s t .
The r a t i o  o f  t h e  h e i g h t  o f  t h e  dome t o i t s  d i a m e t e r ,  h / d ,  
s h o u l d  n o t  be  t o o  l o w,  b e c a u s e  o f  t h e  p o s s i b l e  d a n g e r  o f
s t r u c t u r a l  i n s t a b i l i t y  o f  t h e  f r a me wo r k .  The minimum h / d  
s h o u l d  be a t  l e a s t  1 / 5 .
P r a c t i c a l  a s p e c t s  a l wa y s  ha ve  d e c i s i v e  e f f e c t s  on t h e  
ec onomi c  d e s i g n  o f  any s t r u c t u r e .  U n f o r t u n a t e l y ,  t h e y  can
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n e v e r  be f u l l y  i n c l u d e d  i n  c o mp u t e r  p r o g r a ms  n o r  can be  
e x p e r i e n c e ,  i n t u i t i o n  and i n g e n u i t y  o f  d e s i g n e r s  e v e r  be  
f o r m u l a t e d  in m a t h e m a t i c a l  e x p r e s s i o n s .  An o t h e r  d i f f i c u l t y  
i s  t h a t  t h e  p r a c t i c a l  a s p e c t s  mus t  be t a k e n  i n t o  a c c o u n t  i n 
t he  p r e l i m i n a r y  d e s i g n  b e f o r e  any t h e o r e t i c a l  a n a l y s i s  i s  
s t a r t e d ,  o t h e r w i s e  i t  may n o t  be p o s s i b l e  t o  a p p l y  t he m.  
The mos t  i m p o r t a n t  p r a c t i c a l  a s p e c t s  i n c l u d e d  in t h e  
di  s c u s s i o n  a r e
( a )  t he  s u p p o r t  c o n d i t i o n s ;
( b)  t h e  r o o f  c o v e r i n g ;
( c )  t he  me t hod  o f  f a b r i c a t i o n ,  met hod o f  e r e c t i o n ,  
s ha pe  o f  s e c t i o n s  and t y p e  o f  j o i n t .
2 . 7 . 1  S u p p o r t  C o n d i t i o n s
I t  may n o t  be a d v i s a b l e  t o  r ecommend any p a r t i c u l a r  number  
o f  s u p p o r t s  b e c a u s e  i t  d e p e n d s  ma i n l y  on t h e  a r c h i t e c t u r a l  
r e q u i r e m e n t s  and on t h e  p r e v a i l i n g  c o n d i t i o n s .  The mos t  
i m p o r t a n t  f a c t o r s  a f f e c t i n g  t h e  e conomi c  d e s i g n  o f  domes 
a r e :
( a )  t he  number  o f  s u p p o r t s ;
( b )  t h e  k i n d  o f  s u p p o r t s ;
( c )  t h e  p o s i t i o n  o f  s u p p o r t s  above  t he  f l o o r  l e v e l .
Two e f f e c t s  o f  s u p p o r t s  a r e  known:
( 1)  The g r e a t e r  t h e  number  o f  s u p p o r t s ,  t h e  mor e  u n i f o r m 
i s  t h e  s t r e s s  d i s t r i b u t i o n  i n  me mbe r s ,  i . e .  a mor e  
e conomi c  dome d e s i g n  can be a c h i e v e d ,  b u t  a t  t h e
e x p e n s e  o f  t h e  s u p p o r t s  and f o u n d a t i o n s .
( 2)  The more r i g i d  t h e  s u p p o r t s ,  t h e  s m a l l e r  a r e  t h e
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d e f l e c t i o n s  o f  t h e  j o i n t s  o r  t he  g r e a t e r  i s  t h e  
l a t e r a l  s t a b i l i t y  o f  t h e  dome,  b u t  a t  t h e  e x p e n s e  
of  t h e  s u p p o r t s  and f o u n d a t i o n s .
T h e r e f o r e  i t  i s  v e r y  d i f f i c u l t  t o  make an e x a c t  a s s e s s m e n t  
o f  t h e  number  and k i n d  o f  s u p p o r t s  i n t h e  p r e l i m i n a r y  
d e s i g n .  The i n t u i t i o n ,  e x p e r i e n c e  and i n g e n u i t y  o f  
d e s i g n e r s  w i l l  be p e r h a p s  t h e  b e s t  a d v i s e r s  i n  t h e  
p r e l i m i n a r y  d e s i g n  o f  domes .
2 . 7 . 2  The Roof  Co v e r i n g
A v i t a l  p a r t  i n  t h e  c o n s t r u c t i o n  o f  any dome i s  t h e  
p r o v i s i o n  o f  a w a t e r - p r o o f  c l a d d i n g  s y s t e m .  A dome i s  an 
e xampl e  o f  a s y n c l a s t i c  s u r f a c e  in whi ch  t h e  r a d i u s  o f  
c u r v a t u r e  h a s  t h e  same s i g n  i n a l l  d i r e c t i o n s .  Such 
s u r f a c e s  c a n n o t  be  d e v e l o p e d  i n t o  a p l a n e  w i t h o u t  s h r i n k i n g  
or  s t r e t c h i n g .
Ap a r t  f rom d i f f i c u l t y  o f  s e a l i n g  such p a n e l s ,  wh i c h  can 
c r e a t e  s e r i o u s  p r o b l e m s ,  mo s t  s p a c e  f r ame  s t r u c t u r e s  c o n s i s t  
o f  member s  whi c h  a r e  d e s i g n e d  t o  c a r r y  a x i a l  l o a d  o n l y .  
Bendi ng  moment  mu s t  t h e r e f o r e  be  a v o i d e d  and i n  p r a c t i c e  
t h i s  means  t h a t  c l a d d i n g  s u p p o r t  p o i n t s  mu s t  be  r e s t r i c t e d  
t o  t h e  node o r  j o i n t  p o s i t i o n s .  To a c h i e v e  t h i s  i t  i s  
n e c e s s a r y  e i t h e r  t o  a d o p t  a pane l  s y s t e m whi ch  r e f l e c t s  t h e  
s t r u c t u r a l  n e t wo r k  o r  t o  p r o v i d e  an a u x i l i a r y  s y s t e m o f  
p u r l i n s  o r  s u p p o r t s  b a r s .
2 . 7 . 3  Met hod o f  F a b r i c a t i o n ,  Met hod o f  E r e c t i o n ,
Shape  o f  S e c t i o n s  and Types  o f  J o i n t
The p r a c t i c a l  a s p e c t s  mos t  p r e d o m i n a n t l y  a f f e c t i n g  t h e
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economy o f  d e s i g n  o f  any s t r u c t u r e  a r e :  t h e  me t hod  o f
f a b r i c a t i o n ,  t h e  me t hod  o f  e r e c t i o n ,  t h e  s h a p e  o f  t h e  
s e c t i o n s  and t y p e s  o f  j o i n t .  P e r h a p s  t he  b e s t  way i s  t o  
c o n s i d e r  a l l  t h e s e  a s p e c t s  t o g e t h e r .
I t  i s  n o t  p o s s i b l e  t o  make any d e f i n i t e  r e c o mme n d a t i o n s  
c o n c e r n i n g  t h e s e  a s p e c t s  b e c a u s e  t h e  s t a n d a r d  s o l u t i o n s  a r e  
n o t  n e c e s s a r i l y  t h e  b e s t  and e x p e r i e n c e ,  i n t u i t i o n  and 
i n g e n u i t y  a r e  n e c e s s a r y  t o  e n v i s a g e  p r o b l e ms  i n v o l v e d  wi t h  
t he  s hape  o f  s e c t i o n ,  me t h o d  o f  f a b r i c a t i o n ,  me t hod  o f  
e r e c t i o n  and t y p e  o f  j o i n t .
2 . 8  PRELIMINARY AND FINAL DESIGN OF DOMES
The d e s i g n  o f  s t r u c t u r e s  a r e  u s u a l l y  c a r r i e d  o u t  i n  two 
s t a g e s :  p r e l i m i n a r y  and f i n a l .
The p r e l i m i n a r y  d e s i g n  i s  p e r h a p s  mor e  i m p o r t a n t ,  a s  a l l  t he  
p r a c t i c a l  a s p e c t  s h o u l d  be e n v i s a g e d  a t  t h i s  s t a g e .  Some 
k i n d  o f  f e a s i b i l i t y  s t u d y  o f  t h e  p r a c t i c a l  a s p e c t s  c o u l d  
l e a d  to a f a r  g r e a t e r  economy t h a n  t he  mos t  s o p h i s t i c a t e d  
t h e o r e t i c a l  a n a l y s i s  on t h e  minimum vo l ume  o f  m a t e r i a l .  In 
o t h e r  wo r d s ,  a t h e o r e t i c a l  a n a l y s t  e x a mi n i n g  t h e  economy o f  
a s t r u c t u r e  s h o u l d  be  f a m i l i a r  w i t h  t h e  p r a c t i c a l  a s p e c t s  
and g i f t e d  wi t h  i n g e n u i t y .
The f i r s t  s t e p  i s  t o  f i x  t h e  span and r i s e  o f  t h e  dome,  
whi ch  a r e  u s u a l l y  g i v e n  by a r c h i t e c t s  t o  s u i t  t h e  g e n e r a l  
r e q u i r e m e n t s . The n e x t  s t e p  i s  t o  f i x  t he  number  and k i n d  
o f  s u p p o r t s  i n  c o n j u n c t i o n  w i t h  t h e  a r c h i t e c t s .  The n e x t  
s t e p  i n t he  p r e l i m i n a r y  d e s i g n  i s  t h e  s e l e c t i o n  o f  t h e  
f r e q u e n c y  o f  s u b d i v i s i o n .
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I f  a prel iminary a n a l y s i s  i s  requi red,  then some reasonable  
guess of  the sect ion propert i es  and l oading  i s  necessary.
The members of  domes are mainly subjected to axial  forces  
combined with bending moments; t or s i ona l  moments can 
usua l l y  be i gnored.  In order to s i mp l i f y  the prel iminary  
a na l y s i s ,  pinned j o i n t s  can be assumed and the members can 
be designed for axial  forces  only.  Then, in the f inal  
ana l y s i s ,  with the j o i n t s  assumed to be r i g i d ,  the axial  
forces would be reduced but some bending moments introduced.
For fur ther  s i m p l i f i c a t i o n ,  only hol low c i r c u l a r  sect ions  
are suggested.
The next s i m p l i f i c a t i o n  in the prel iminary des i gn refer s  to 
l oading.  Only one case of  l oading  i s  suggested.
When the forces from the f i r s t  approximate a n a l y s i s  are 
obtained and a prel iminary des ign completed, then f i n a l l y  
the second ana l y s i s  with the assumption of  f i xed j o i n t s ,  
corrected sect ion propert i es  and al l  requi red l oad i ng  cases  
can be car r i ed out e a s i l y .
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2.9 OUTLINE OF THE RESEARCH STUDIES
The search has been ca r r i ed  out for  a s i n g l e - l a y e r  steel  50 
m diameter braced dome of minimum weight.
The type of brac ing  has a fundamental  i nf luence upon the
load ca r r y i ng  capac i t y  of  a dome and i t s  de f l ec t i on
c h a r a c t e r i s t i c s .  Deta i l  of opt imizat i on s tud ies  of some
types of  braced domes with spec i a l  reference to t he i r
brac ing  arrangement,  hei ght  to diameter* r a t i o ,  boundary
cond i t i ons  and load cases ,  i n vo l v i ng  the f o l l owi ng
(A) Types of pat tern:
1 Geodesic dome
2 Schwedler dome
3 Three-way g r i d  dome
(B) Types of hei ght  to diameter r a t i o s :
1 One t h i r d  ( Conf i gura t i on  1 )
2 One f i f t h  ( Conf i gura t i on  2 )
(C) Boundary cond i t i ons :
1 Support  type S I
2 Support  type S2
( D ) Load cases:
1 Dead load and imposed load LA
2 Dead load and unsymmetric snow load LB
3 Dead load and wind load LC
4 Dead l oad,  snow load and wind load LD
A total  of 48 analyses  are deal t  wi th.
* The term ' d i ameter '  in t h i s  contes t  i s  used to mean the 
diameter of the l a r g e s t  c i r c l e  that  passes through the 
supports  of  a dome in plan view.
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2.9.1 Data Generation
Formex algebra and i t s  i n ter ac t i ve  programming language,  
Formian, have been used to generate the element topology and 
nodal coordinates  required for the ana l y s i s  computer 
program.
2.9.2 Determinat ion of  Load Cases
The prime l oading  i s  obtained from BS 6399 : Part  1, which
g i ves  the value for  dead and superimposed l oads ,  and CP3 : 
Chapter 5 : Part  2, which provides  i nformat ion on the
determinat ion of  the design wind v e l o c i t i e s  in r e l a t i on  to 
the surrounding t e r ra i n  and the height  of  the s t ructure.
The unsymmetric snow load i s  obtained from the proposal  
given in I SO/DI S/4355,  Bas i s  for  des i gn of  s t ructures  : 
determinat ion of  snow load on roof s ,  5.2.3,  Simple curved 
roo f s .
The c o e f f i c i e n t s  of  wind loads  are determined from the
Recommendations for  the c a l c u l a t i o n  of wind e f f e c t s  on
b u i l d i n g s  and s t ruc tures ,  i ssued by Technical  Committee T.12 
of  the European Convention for Const ruct ional  Steelwork.
The loads  taken into account in order to v e r i f y  the des ign
for a dome 10 m high from the ground, were
(a) the dead load (DL) amounting approximately to
DL = 0.40 k N/m2
(b) the imposed load ( I L )  measured on plane
IL = 0.75 kN/m2
(c) snow o r d i n a r i l y  cons idered as uni formly d i s t r i bu t ed  
in the hori  zon tal  ,proj ec t ion , i t s  i n t e n s i t y  being
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Se = 0.75 kN/m2
(d) wind pressure i s  given by 
q = 0.613 Vs2
where q i s  in N/m2 and Vs in m/s 
Vs = V . s 1. s2 . s3 
V =40 m/s 
s i  = 1 
s2=0.74 
s3 = 1 
Vs = 29.6 m/s 
q = 0.613 * 29.6 * 29.6 N/m2 
thus
q = 537 N/m2
The above load cases and c o e f f i c i e n t s  of  snow and wind loads  
for the two c on f i gu r a t i on s  are i l l u s t r a t e d  in Fi gs  2.9.1 and
2.9.2,  respec ti  v e l y .
A computer based technique has been deviced to f ind the 
accurate projected area for each node, and the values  of  
dead, imposed, snow and wind loads  at each node i s  
determined by us ing the correspond!’ ng surface area.
2.9.3 Boundary Condi t ions
The fo l l owing two types of  boundary cond i t i ons  were 
i nves t i ga ted  for the deta i l ed  study of  the domes:
type SI  Al l  the boundary nodes of  the dome are 
supported,  f i ve  or s ix of  them are 
res t ra ined aga i ns t  complete t r a n s l a t i o n  
movements and the remainder have ver t i c a l  
c ons t r a i n t s  only.
£ 3 1 °
CT , ‘6 v ^ er
fV,U°
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GEODESIC DOnE
CONFIGURATION GD2 
Height to span ratio = 1/5
Support type SI
GEODESIC DOME
Configuration 6D2 
LEGEND
Vertical Constraint 
Conplele Translational Constraint
Support type S2
Fig 2.3.1
CONFIGURATION SDI 
Height to diameter ratio = 1/3
SCHWEDLER DOME
Support type SI
SCHWEDLER DOME
Configuration SOI 
LEGEND
Vertical Constraint 
Coiplele Translational Constraint
Support type S2
Fig 2.3.5
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SCHWEDLER DOME
CONFIGURATION SD2
Height to diameter ratio = 1/5
Configuration SD2
Support type SI Support type S2
LEGEND
Vertical Constraint ®
Coapltle Translational Constraint •
Fig 2.9.6
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THREE-WAY GRID DOME
CONFIGURATION TW1 
Height to diameter ratio = 1/3
Configuration TV1
Support type S2
LEGEND
Vertical Constraint ®
Conplele Translational Constraint •
Support type SI
Fig 2.9.7
THREE-WAY GRID DONE
CONFIGURATION TW2 
Height to diameter ratio = 1/5
THREE-WAY GRID DOME
Configuration TW2
Support type S« Support type S2
LEGEND
Vertical Constraint ®
Complete Translational Conslraint •
Fig 2.9.8
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type S2 Al l  the boundary nodes.of  the dome are 
res t ra ined  ag a i n s t  t r an s l a t i on a l  move­
ments both in the hor i zontal  and ver t i c a l  
planes of  the s t ructure.
Al l  the support points  are cons idered free to rotate in any 
d i r e c t i o n .  ..........
The conf i gura t i on  of  the domes and the i r  support  
arrangements are shown in F i gs  2.9.3 to 2.9.8.
2.9.4 Ana l y s i s  and Design
In order to determine the nodal de f l ec t i ons  and deta i l ed  
s t res s  d i s t r i b u t i o n  wi thin the members, the s t ructure was 
analysed using "LUSAS" system, which i s  based on the f i n i t e  
element di splacement method of  ana l y s i s ,  and contains  a 
comprehensive range of  elements and so l ut i on  procedures for  
the ana l y s i s  of most types of  engineer ing s t ructures .
Al l  domes have been analysed under nodal concentrated l oads ,  
as given above. The domes are analysed by assuming 
pin-connected end cond i t i ons  of  the members, and
subsequently the members are designed for axial  forces  only.  
The top cover ing of the domes have been considered to be 
connected on the nodes. The members are made by c i r c u l a r  
hol low sect i on,  obtained from BS 4848 : Part  2 : 1975.
The design of members have been based on BS 5950 : part 1 :
1985, which cons ider s  the l i m i t  s tate des i gn.  The des ign  
strength Py i s  275 N/mm2 for  steel  of grade 43. The 
elements were assumed to be made from compact cross  
s e c t i o n s .
BRACED DOMES
The tension capac i t y  ' P t ' of  the members have been taken 
f rom:
Pt = Ae.Py
where Ae i s  the e f f e c t i v e  area of  the sect i on.
The compression r es i s t ance  ' Pc ' of  the members have been
obtained from:
Pc = Ag.pc
where
Ag i s  the gross  sect i onal  area,  
pc i s  the compressive st rength obtained from 
BS 5950 : part  1 : 1985, tab le  27(b).
The member axial  forces  should be l e s s  than or equal to the 
corresponding c apac i t i e s .
The type of  j o i n t s  cons idered f a c i l i t a t e d  to use gross  
sect ional  area Ag , even in the tens ion members design 
i nstead of the e f f e c t i v e  area Ae.
In order to determine the compressive s trength pc , the value 
of  e f f ec t i ve  length Le, has been taken as the length of  the 
member, i . e .  ( Le = L ) .
The r a t i o  of the internal  forces  to the capac i t y  of  members
are plotted in graphi ca l  forms. The dashed l i ne  i ndi cate
t ens i l e  forces.  The value along the member descr ibe the 
r a t i o  of  the i nternal  force to the capac i t y  of  the member.
2 . 9 . 5  Check of  C a p a c i t y
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To s i mp l i f y  the comparison of member forces ,  nodal
di splacements  and support  react i ons  obtained from each 
ana l y s i s ,  the r e s u l t s  are represented in the graphical  form. 
The d i s cus s i on  of  axial  forces ,  d e f l e c t i o n s  and support  
react i ons  i s  made below.
(A) AXIAL FORCES
The d i s t r i b u t i o n  of  force i s  shown in the form of
c o e f f i c i e n t s  recorded along l engths  of  the correspond!* ng 
members. The value of a member force can be obtained by 
mul t i p l y i ng  the c o e f f i c i e n t  of  a member with the given
factor  on each f i gure .  Al so,  the thi ckness  represent ing  a
member i s  proport ional  to the magnitude of  the force in i t .
The compressive axial  force in a member can be i d e n t i f i e d  by 
a negat ive s i gn preceeding i t s  c o e f f i c i e n t .  In add i t i on,  
the members with compressive force are represented by f i rm 
l i n e s  as aga i n s t  dotted l i n e s  for the p l o t t i n g  of  the member 
with t e n s i l e  axial  forces.
The comparison of axial  forces  in the dome with the two 
types of supports ,  under i nf l uence of  each load case,  i s  
represented on the same f i gure .  In the f i gure ,  the axial  
forces  obtained from the two support  types are shown. A 
value i s  recorded along the member. Thi s  value can be used 
to obtain the axial  force in member by mu l t i p l y i ng  i t  with 
the given f actor .
(B) DEFLECTIONS
The def l ec t i ons  are represented by contours;  in add i t i on,  
they are al so shown in the form of  dots.  The siz:e:{of  a dot
2 . 9 . 6  Compar i son of  R e s u l t s
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i s  related to the magnitude of  the corresponding nodal 
def l ect i on  in the v e r t i c a l  d i rec t i on .  A value i s  a l so  
recorded along each dot, which can be used to determine the 
magnitude of  the de f l ec t i on  by mu l t i p l y i ng  i t  with the given 
f actor .  A negat i ve value i nd i ca tes  a downward de f l ec t i on .
Furthermore, the d e f l ec t i on s  of  cer t a i n  nodes are compared, 
as i l l u s t r a t e d  with the help of  curves,  for  the four load 
cases.  These nodes l i e  on that  p a r t i c u l a r  dome diameter,  
which r e s u l t s  in the load pattern being symmetric about that  
diameter.  These curves are plot ted for  both the support  
type s .
(C) SUPPORT REACTIONS
A ver t i ca l  react i on i s  shown by a l i ne  di rected from the 
support  point  to the centre of  the plan view of  the 
s t ructure.  The length of  such l i ne  i s  proport ional  to the 
magnitude of  react i on.  The more magnitude of  the react ion  
i s ,  the longer t h i s  l i ne  wi l l  be. In add i t i on,  the value of  
each react ion i s  a l so  given in such f i gures .  Meantime, the 
d i s t r i b u t i o n  of  ve r t i c a l  react i ons  i s  i l l u s t r a t e d  by means 
o f dotted 1i nes .
The resu l t ant  of  hor i zonta l  react i ons ,  i f  any, for  each 
support  point  i s  given by a dashed l i ne  whose length i s  
again proport ional  to i t s  magni tudes.
3GEODESIC 
DOMES
3.1 INTRODUCTION
Richard Buckminster Fu l l e r ,  the inventor  of geodesic domes, 
has made a phenomenal impact on ar ch i t ec t s  s ince 1954. For 
many years ,  Buckminster Fu l l er  has l ectured,  conducted
seminars and i n sp i r ed  arch i tec tura l  s tudents  a l l  over the
world. He has been descr ibed by var i ous  people in var i ous  
ways, as a ph i l osopher ,  a r ch i t ec t ,  engineer,  s c i e n t i s t ,
mathematician and inventor ,  Ref 2.
Nature, " s a i d  Buckminster F u l l e r " ,  always b u i l d  the most 
economic s t ruc tures .  He claimed that geodesic domes based 
on mathematical  p r i n c i p l e s  embodying force d i s t r i b u t i o n s  
s i mi l a r  to those found in atoms, molecules and c r y s t a l s  wi l l  
be the l i g h t e s t ,  s t r onges t  and cheapest cons t ruc t i on  ever 
made.
The sphere encloses  maximum space with minimum surface and 
the t r i a n g l e  i s  the ba s i c  undeformable r i g i d  f i gu r e .  The 
term ' geodes i c '  given by Buckminster Fu l l er  i s  re l a ted  to 
the d i v i s i o n  of  the earth into great  c i r c l e s  which are the 
geodesic l i ne s  of  the sphere. Geodesic di s tance between two 
points  on the earth are the shor tes t  along these l i n e s .
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The o r i g i n a l  ideas of  Buckminster Fu l l er  (the father  of  
geodesic domes) have been, of  course,  extended by many of  
his  fo l l ower s .  The research i n v e s t i g a t i o n s  on geometrical  
con f i gu r a t i on s  of  geodesic s t ruc tures ,  c a r r i ed  out at 
numerous i n s t i t u t e s  in var i ous  count r i es ,  and the phenomenal 
i n t e r e s t  of  a r c h i t ec t s  in t h i s  form of  cons t ruct i on  
i l l u s t r a t e  the f ac t  that  the advantages of geodesic domes 
are now being appreciated by des i gners  a l l  over the world,  
Ref 15.
An ideal  pre fabr i ca  ted system would be a s t ructure  
c o n s i s t i n g  of  i den t i ca l  elements j o i nted  together  by simple 
connectors,  the same for a l l  the j o i n t s .  In such a case,  
the elements and connectors  could be mass-produced with 
cons iderable economy. The geodesic domes developed by 
Buckminster Fu l l e r  are except i ona l l y  good in t h i s  respect  
and al low fu l l  advantage to be taken of p r e f ab r i ca t i o n ,  
s ince the v a r i a t i o n  in length of  t he i r  component members i s  
quite small  even for  s i zab l e  spans and compl icated types of  
brac ing .  Thi s  r e s u l t s  in a regul ar  network and l eads  to 
s u b s t a n t i a l l y  uniform s t r e s s i ng  of a l l  members of  the dome 
under the appl i ed l oad i ng .
However, geodesic domes al so have a di sadvantage : in
prac t i ce ,  the geodesi c  geometry near the base has to be 
modi f ied i f  the s t ructure has to res t  on a hor i zonta l  base 
r i ng .  I f  t h i s  happens, then the j o i n t s  along the base r i ng  
have to be adjusted as well  as the l engths  of the i n f i l l i n g  
members in the lower part  of  the dome.
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There are only f i ve  regu l ar  polyhedra,  al l  of whose edges of  
the same length and al l  of  whose faces are regu l a r ,  
i dent i ca l  polygons.  They are
(a) Tetrahedron Thi s  can be described as a s o l i d  having
3 . 2  REGULAR POLYHEDRA
(d) Dodecahedron Faces 12-5, apexes 20 and edges 30.
(e) I cosahedron Faces 20-3, apexes 12 and edges 30.
These f i ve  regu l ar  polyhedra are usua l l y  referred to as the 
"pi atonic s o l i d s "  Fig 3.2.1.
4 t r i a n g u l a r  faces,  4 apexes, and 6 
edges, or s imply :
( b ) Cub e
(c) Octahedron
Faces 4-3, apexes 4 and edges 6.
Faces 6-4, apexes 8 and edges 12.
Faces 8-3, apexes, 6 and edges 12.
TETRAHEDRON CUBE OCTAHEDRON
DODECAHEDRON ICOSAHEDRON
Fig 3.2.1
GEODESIC DOMES
51
An icosahedron i s  used as the bas i s  for the most geodesic  
s ubd i v i s i on  of the sphere. The spherical  sur face i s  div ided  
i nto 20 equ i l a tera l  spher ical  t r i a n g l e s .  Thi s  i s  the
maximum number of equ i l a tera l  t r i a n g l e s  i nto which the
sphere can be div ided.  Buckminster Fu l l e r  suggested that,  
for  domes of l a r g e r  spans,  each of these t r i a n g l e s  can be 
subdivided into s ix t r i a n g l e s  by drawing medians and 
b i s e c t i n g  the s ides  of each t r i a n g l e .  These medians fol l ow
great  c i r c l e s  and are the extens ions  of the s ides  of the
bas i c  equ i l a t e r a l  t r i a n g l e s  into which a spher ical
i cosahedron could be div ided.  Using t h i s  method, i t  i s
therefore pos s i b l e  to form 15 complete great  c i r c l e s
regu l a r l y  arranged on the surface of a sphere.
To obtain a more or l e s s  regu l ar  network of  the bracing  
bars,  the edges of the bas i c  equ i l a tera l  t r i a n g l e s  are
divided modular l y.  The number of  modules into which each
edge of the spher i cal  i cosahedron i s  d i v ided depends mainly  
upon the s i ze of  the dome, i t s  span and a l so  the type of  
skin cover ing.  Thi s  subdi v i s i on  i s  usua l l y  referred to as a 
" f requency" .  I t  i s  merely the number of segments into which 
the icosahedronal  edges have been divided by a p a r t i c u l a r  
type of  breakdown, the number of d i f f e r e n t  l engths  
i ncreas i ng  with the f requencies  of the s ubd i v i s i o n .  I t  i s  
obvious that ,  as the frequency of a p a r t i c u l a r  subd i v i s i on  
i ncreases ,  the member length or face edge reduces,  the 
number of components i ncreases  and the number of  d i f f e r e n t  
vertex angles,  and therefore types of connectors,  i ncreases .  
This i s  re f l ec ted  in the increase of the f i na l  pr i ce of the 
dome.
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3.3 DATA GENERATION FOR GEODESIC DOMES
Fol lowing the technique introduced in Ref 16, one may use 
Fig 3.3.1 to introduce a general  scheme of  formex
formulat ion for s t ructura l  systems which can be subdivided  
in a number of symmetry par t s .
Geodesic configuration showing basic symmetry part in thick line
Fig 3.3,1
The i l l u s t r a t e d  c on f i gu r a t i on  can be obtained from mapping 
the t r i angu l a t ed  faces  of  a regul ar  icosahedron on the 
surface of a sphere. The term ’ c on f i gura t i on '  i s  used in a
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general  sense to refer  to a co l l ec t i on  of  any kind of  
objects ,  such as an arrangement of  s t ructura l  elements.
The 20 equal faces of  the icosahedron are convent i ona l l y  
grouped in a four r eg i ons ,  namely: North-Pole,  Nor th - Be l t ,
South-Bel t  and South-Pole as i t  i s  indi cated in F i gs  3.3.1 
and 3.3.2.  Furthermore, Fi g 3.3.2 shows the t r i a n g u l a t e d  
faces of the icosahedron mapped on the plane 11-12. A l so ,  
the sub- s t ructure l a b e l l e d  as Part -1 i s  i d e n t i f i e d  as the 
bas i c  symmetry part  of  the s t ructure,  whereas P a r t s ' 2 to 20 
are interpreted as t r a n s l a t i o n s  and r e f l e c t i on s  of  the bas i c  
p a r t .
I <6-2.0 M-
N o rfch -b elt So u fcH -P o le
V.
—i — ►-
3nF- 3 n  f- -i ^
Fig 3.3.2
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I f  a formex FI  i s  taken to represent  topo l og i ca l  proper t i es ,  
ei ther  d i s p o s i t i o n  of nodes or i nterconnect i on pat terns ,  
within the bas i c  sub- s t ruc ture ,  i . e .  Par t -1,  then the
correspond!ng t opo l og i ca l  propert i es  of the remaining
s u b - s t r u c t u r e s , i . e .  Part  2 to 20, can be represented as 
funct ion of the formex FI .  Thus,
The North-Pole,  part  1 to 5, may be formulated as
NP = l i b  { k = 0, 1): tran (2, k * 2 n f ): FI
where "nf "  i s  the ' f requency* or number of  segments in Which
the typi ca l  edge of  the icosahedron i s  subdivided to
t r i an gu l a t e  the t yp i ca l  face.  An a s t e r i s k  s i gn
i nd i ca tes  m u l t i p l i c a t i o n .
The Nor th-Bel t ,  Part s  6 to 10, may be represented as a
r e f l e c t i o n  of the formex NP as:
NB = ref  (1, 3 n f ): NP
The South-Be l t ,  Part s  11 to 15, may be represented as a
planar  t rans format i on of  the formex NP as:
SB = t ranid  (3nf,  nf ) :  NP
The South-Pole,  Part s  16 to 20, may be al so represented as a 
planar  t r a n s l a t i o n ,  t h i s  time of  the formex NB as:
SP = t ranid  (3nf ,  nf ) :  NB
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F i n a l l y ,  the whole c on f i gur a t i on  may be given as the 
composi t ion of  the formices represent ing the North and South 
Regions as:
F = NP # NB # SB # SP
3.3.1 THE BASIC SUB-STRUCTURE.
The symbol FI  in the above formulat ion i s  c l e a r l y  used in a
general  sense to represent  the topo l og i ca l  propert i es  of the
bas i c  symmetry part.  Thus, any kind of d i s p o s i t i o n  of nodes 
or i nterconnect i on pattern can be ass i gned to the bas i c  part  
via FI  or another symbol to obtain d i f f e r en t  topolog i ca l  
arrangements for the (whole) system.
In t h i s  way, the set of ' b a s i c '  nodes represented with dots  
in Fig 3.3.2 may be given as
gl  = l i b ( i = 0 , n f ) :  l i b ( j = 0 , i ) :  p r o j i d (3 i , n f - i +2 j ): [ 0 , 0 , 0 ]
where gl  replaces  FI  in the general  formulat ion and the 
s i gnet  [0,0,0]  act as a ' seed'  or generant for the nodes.
The interconnect i on pattern of  the bas i c  part  can be now 
convenient l y  obtained in term of gl  as
FI  = v in (2, 10**0.5) :  gl
where, a double a s te r i s k  s i gn ' * * '  i nd i ca tes  the power. The 
vinculum funct i on ' generates '  al l  the two-plex cant l es  whose 
'metrum' i s  between 2 and 10**0.5 and whose s i gnet s  are al l  
in g l .  In Fi g 3.3.2,  a l i n e  segment represents  a cant le and 
the metrum of t h i s  cant l e  i s  s imply the length of the l i ne  
segment.
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The geometric d e f i n i t i o n  of the con f i gur a t i on  given in Fig
3.3.1 i s  obtained by numer i ca l l y  spec i f y i ng  the mapping of  
the prev i ous l y  t reated topol og i ca l  proper t i es  on a sphere.
The three-dimensional  Car tes i an  coordinate system in Fig
3.3.1 i s  the reference frame for the present coordinate  
s p e c i f i c a t i o n s  and i t s  o r i g i n  co inc i des  with the centre of  
the chosen sphere. Thus, the coordinates  x, y, z of a point  
whose s i gnet  i s  [ I I ,  12, 13] are given as
x = Lq 1 
y = L q 2 
z = Lq3
where ql ,  q2, q3 are the coordinates  of a point  Q at the 
surface of  the i cosahedron and L i s  a po s i t i v e  f actor ,  which 
' p r o j ec t s '  the point  onto the sphere and i s  given as
L = [ r**2 /  ( q1**2 + q2**2 + q3**2)  ] * * 0 . 5
with ( q1**2 + q2**2 + q3**2 } > 0,  because no point  at the 
faces of  the icosahedron co inc i des  with the o r i g i n  of  the 
reference system. Here, ' r * i s  the radius  of the des i red  
geodesic c on f i gu r a t i on .
The point  Q(ql ,q2,q3)  i s  obtained from symmetry operat ions  
on a corresponding point  P (p l , p2,p3)  in the bas i c  
sub- s t r u c t u r e . The number ass i gned to each sub- s t ructure in 
Fig 3.3.3 determines the pa r t i c u l a r  t rans format i ons  for each 
part .  The symmetry operat ions  may be summarized as fo l l ows
3 . 3 . 2  GEOMETRIC PARTICULARS
Q = Rz ( Ry P)
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Fig 3.3.3
where Ry and Rz denote non-commutative r o t a t i on s  of  
point  P around the y and z axes, r e s pec t i ve l y ,  
corresponding t rans format i on matr i ces  are
Ry =
cos-T 0 
0 1 
s i n - T 0
- s i n - T
0
co s-T
with T = T1 for parts 1 to 5
or * T1 + 2Tr for parts 6 to 10
or = 180 - T1 - 2Tr for parts 11 to 15
or = 180 - T1 for parts 16 to 20
Al so,  Tr = atan ( n f (3**0.5 )/3S ) ,
T1 = atan ( 2 n f { 3 * * 0 . 5 ) / 3 S )
and S = nf [ (5 + 6cos72) / 3 j * *0.5,
the
The
being geometric cons tant s  of  the i cosahedron expressed in
GEODESIC DOME
terms of the frequency nf,  as i l l u s t r a t e d  in Fig 3.3.3
In a s i m i l a r  way
Rz =
cosG - s i nG 0
sinG cosG 0
0 0 1
with G = ( n - l ) * 7 2  for  part s  1 to 10.
= ( n - l ) * 72  + 36 , for  part s  11 to 20.or
The point  P(p l ,p2,p3)  i s  in turn obtained as fo l l ows
pi = (3**0.5) * (II - n f * n l ) / 3 
p2 = 12 - (ml *nf  + m2*2nf)
p3 = S
where
with
nf =
nl
ml
m2
is  the frequency of  subd i v i s i on  of the 
geodesic c on f i gura t i on
2
1
0 , 1 , 2 , 3 ,  4 for  part s  
1,2,3,4,5,  r e s pec t i ve l y
for the 
North pole
nl = 4 
ml = 1
m2 = 0,1,2,3,4  for  part s
6,7,8,9,10,  r e s pec t i ve l y
for the 
North be l t
nl  * 5 
ml = 2
m2 = 0,1,2,3,4  for  par t s
11,12,13,14,15,  r e s pec t i ve l y
for the 
South be l t
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n 1 = 7 
ml = 2
m2 = 0,1,2,3,4  for  part s
f o r  t he
Sout h p o l e
16,17,18,19,20 respect i ve l y
and
S = nf [ (5 + 6cos72) / 3 j * * 0 . 5,
being the radius  of the insphere- of a regul ar  i cosahedron  
with a s ide length of 2nf. The insphere touches the 
mid-point  of every face in the i cosahedron,  as sketched in 
Fig 3 . 3 . 3 .
The above s pe f i c a t i on s  for  the point  P may be i nterpreted  in 
the i n t r i n s i c  p l o t  as the t r a n s l a t i o n s  which make the 
mid-point  of  every symmetry part  coincide with the o r i g i n  of  
the x-y coordinate system. In plan view, the x and y axes 
coincide in turn with the I I  and 12 axes of the i n t r i n s i c  
plot ,  r e s pec t i ve l y .  In add i t i on,  the sub- s t ruc tures  are 
reduced by a f ac tor  of (3* *0 .5) /3  along d i r ec t i on  I I  to 
obtain the equ i l a ter a l  t r i a n g u l a r  faces of the icosahedron  
and the former are placed at a di s tance p3 above the plane 
x-y.
As i t  may be apprec iated,  the geodesic d e f i n i t i o n  of  the 
above given geodesic con f i gur a t i on  i s  rather  complex.  
However, once the coordinate s p e c i f i c a t i o n s  are av a i l ab l e ,  
they apply to any type of t opo l og i ca l  proper t i es  represented  
through the general  formex formulat i on.  Furthermore, the 
above coordinate s p e c i f i c a t i o n s  may be implemented in such a 
way that  a computer process  rnay requi re as input  data only  
the frequency ‘ n f  and the radius  1 r ' , i f  any of a geodesic  
s t ructure to generate the necessary geometric i nformat ion,  
such as node coordinates .
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3.4 STRUCTURAL ANALYSIS AND DESIGN
The pre l i mi nary  a n a l y s i s  was ca r r i ed  out assuming i dent i ca l  
c r o s s - s e c t i o n a l  area for  members and pin-connected end 
cond i t i ons ,  under the i n f l uence  of  symmetrical  uni formaly  
d i s t r i b u t e d  load LA and a l so  unsymmetric snow load LB, as 
descr ibed in sect i on 2.5.
Having obtained the member forces ,  des i gn was done by 
cons i der i ng  the minimum number of  var i ous  c r o s s - s e c t i o n a l  
areas of  the members.
With the approximate s i zes  of  the members, an exact  l i n e a r  
e l a s t i c  a n a l y s i s  o f  the ske l eta l  s t ructure  was c a r r i ed  out  
under the four load cases .  The r e s u l t s  of each a n a l y s i s  
were checked for  the tens ion capac i t y  and compress ion  
r es i s t ance .
As the s t ructure  has a rather  high r i s e - t o - s p a n  r a t i o ,  the 
l i n e a r  e l a s t i c  a n a l y s i s  was accepted as a r e l i a b l e  method 
for determining the forces .
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3.5 GEODESIC DOME : Con f i g ur a ti  o n GDI 
Layout and s t ruc tura l  d e t a i l s
3.5.1 SPECIFICATIONS
The dome shown in Fig 3.5.1 i s  the c on f i gura t i on  GDI of a 
geodesi c  dome. The dome has a diameter of 50 m, a r i s e  of  
15.45 m and i t  covers an area of  1835 m2 in hor izontal  
plane,  and the spher i ca l  surface area i s  2446 m2. A
he i ght - to-d i ameter  r a t i o  of  1/3.2 i s  evident  from these 
d imens i ons .
The s t ructura l  framework i s  composed of 775 c i r c u l a r  tubular  
members, and 276 j o i n t s .  Figure 3.5.2 shows the deta i l  of  
member l engths .  The members with the same length are 
categor i zed  as a type of  member.
The type of  bracing used for t h i s  dome i s  based on the 
North-pole of  the geodesi c  s ubd i v i s i on  of  an icosahedron,  
us ing the frequency of  10.
3.5.2 DATA PREPARATION 
Conf i gura t i on  GDI
The formex formulat ion for t h i s  dome i s
: NF, R:
Gl = l i  b ( i =0 , NF) : 1 i b ( j = 0 , i ) :proj1d(3*1,NF-1+ 2 * 1 ) : [ 0 , 0 , 0 J
F1 - vi  n( 2, 3.1623 ) : Gl
N P= l i b ( k = 0 , 4 ) : t r a n ( 2 , k * 2 * NF ) : F l
K l = l i b ( 1 - 1 , 4 ) : [ 0 , ( 2 * i + l ) * N F , 0 ;  0,NF,0J
K 2 - 1 i b ( i = 1 , NF} : L3* i , (9*NF + i ) ,0;  3 * 1 , ( 1*NF-1) ,0J
K3 = l i b ( i  = l , N F ) : [ 3 * 1 , ( 3 * NF- i ) ,0;  3*i  , ( l * N F + i ) , 0 J
•\\0 H  0  
*' + °  -
W ei^V
\.o 6\o.we
\,e (
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G E O D E S I C  DOME
ConFiguration GDI 
TYPE OF ELEMENTS
No. oF nodes = 27G 
No. oF elements = 775
Diameter oF dome = 50.0 m 
Radius oF dome © 27.95 m
Fig 3.5.2 ■
TYPE
No.
No. OF 
MEMBERS
LENGTH
m
1 20 2 .6 3 7
2 30 2.831
3 20 2 .9 0 8
1 30 3 .0 2 0
5 15 3 ,0 9 7
6 30 3 .111
7 20 3 .1 5 0
8 30 3 .1 3 0
9 30 3 .2 1 5
10 30 3 .2 9 8
11 30 3.321
12 20 3 .3 3 1
13 30 3 .3 1 8
11 30 3 .3 5 1
15 30 3 .3 9 7
16 15 3 .1 0 3
17 30 3 .1 0 8
18 20 3 .1 3 5
19 30 3 .1 1 8
20 30 3 .5 0 9
21 60 3 .5 1 6
22 30 3 .5 1 2
23 15 3 .5 6 5
21 15 3 .6 2 5
25 30 3 .6 3 3
26 30 3 .6 6 1
27 15 3 .6 8 8
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K4 = l i b ( i = 1 , NF) : [3*1,  ( 5 * N F - i ),0;  3 * i , ( 3 * N F + i ) ,0J
K‘5 = 1 i b ( i = 1, N F ): [ 3 * i , { 7 *NF - i ) , 0 ;  3*i  , (5*NF+ i ) , 0]
K6 = l i b ( i = 1 , NF) : [ 3 * 1 , ( 9 * N F - i ) ,0;  3*i  , ( 7*NF + i ) , 0 J
K=K1 # K2 # K3 # K4 # K5 # K6
GDl = nov( K ) : NP
GD=pex:GDI
G=ram(tap(1 , 2 ) ) : GD
Dl = di c ( G ) : GD
D = r a s ( t a p ( l , 2 ) ) : D l
USE M I NE( NF, R)
DRAW GD
where NF and R are 10 and 27. 95 m, respect i vel  y .
3.5.3 LOAD CASES 
Conf i gura t i on  GDI
Figure 3.5.3 to 3.5.6 show the load cases and the amount of  
the loads  for each node. The determinat ion of  imposed, 
un symmetrical  snow and wind loads  have been al so explained  
on the f i gu r e s .  furthermore,  the combination of  snow and 
wind loads  has been i l l u s t r a t e d  in Fig 3.5.6.
3.5.4 BOUNDARY CONDITIONS 
Conf i gurat i on  GDI
The dome has been analysed for two d i f f e r e n t  boundary 
cond i t i ons  as i l l u s t r a t e d  in Fig 3.5.7.
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G E O D E S I C  DOME
ConPiguralion GDI
LOAD CASE LA 
LA = 1.4 DL + 1.6 IL
DLS0.10 kN/m2 on sphere
Fig
■
IL = Im.Aep 
Im=0.75 kN/m2 
Aep^ Area on plan
IMPOSED LOAD ... l.,..*...
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G E O D E S I C  DOME
ConPiguration GDI
LOAD CASE LB 
LB = 1.4 DL + 1.6 SL
DL-0.10 kN/m2 on sphere
Fig 3.5.1
SL = U.Se.Aep 
Se=0.75 kN/«>2 
Aep=Area on plan
SNOW LOAD
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ConPiguration GDI
LOAD CASE LC 
LC = 1 A  DL + 1 .4 WL WL = Cpe.q.Aes
OL=0.10 kN/m2 on sphere q-0.537 kN/m2 ^  Bs _1>0
Aes=Area on sphere C= -0.2
Fig 3.5.5
WIND LOAD
2/0-13,b.
■18.7--■20.7--- 21.1-----19.9
G E O D E S I C  DOME
ConPiguration GDI
LOAD CASE LD
LD = 1.2 DL + 1.2 SL + 1.2 WL 
DL=0.10 kN/m2 on sphere
WL s Cpe.q.Aes A- 0.0
q=0.537 kN/m2 Cpe B= -1.0 
Aes=Area on sphere c= -0.2
WIND LOAD
SL = U.Se.Aep 
Se=0.75 kN/m2 
Aep=Area on plan
SNOW LOAD
2i.2 r» !.
Fig 3.5.8
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3.5.5 DESIGN 
Conf i gura t i on  GDI
The design of members for  support types S I  and S2 are shown 
in Fi gs  3.5.8 and 3.5.9,  r e s pec t i ve l y .  The members of  the 
dome with support type SI  are obtained from four types of  
c r o s s - s ec t i ona l  area, with d i f f e r e n t  diameters and d i f f e r e n t  
th i cknesses .  However, the dome with support type S2 i s  
obtained from only two c r o s s - s e c t i on a l  areas,  with the same 
diameter but d i f f e r e n t  th i cknesses .  For support type S I  the 
members near the supports  have been designed with 
c r o s s - s ec t i on  three,  and only f i ve  members next to the nodes 
with complete t r a n s l a t i o n a l  c on s t r a i n t ,  are designed using  
c r o s s - s ec t i on  four.
The dome with support  type S I  i s  a s l i g h t l y  heavier than the 
other one.
3.5.6 CAPACITY CHECK 
Conf i gurat i on  GDI
The r a t i o s  of  the i nternal  forces  to the c apac i t i e s  of  
members, under the four load cases ,  for support  types S I  and 
S2, were obtained in graphi ca l  form.
These showed that  al l  the i nternal  forces  are l e s s  than the 
capac i t i e s  of  the members, in al l  cases.  Samples of  
capac i t y  check p l o t s  are in Fi gs  3.5.10 and 3.5.11.
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Configuration GDI
DESIGN OF MEMBERS
Support Type SI
Steel Circular Hollow Sections 
CS1 D= 76.1 mm t= 3.2 mm
CS2
CS3
CS4
D= 88.6 mm 
t= 3 .2  mm
D= 114.3 mm 
t= 3.6 mm
D= 139.7 mm 
t= 6.3 mm
Weight = S1A  N/m2
Fig 3.5.8
TYPE
No.
LENGTH
m
No. OF MEMBERS 
WITH X-SECTION OF
CS1 CS2 CS3 CS1
1 2 .637 5 10 5
2 2.831 20 10
3 2 .9 0 8 5 10 5
1 3 .0 2 0 20 18
5 3 .097 5 10
6 3.111 20 10
7 3 ,1 5 0 5 10 5
o 3 .1 9 8 20 10
9 3 .2 1 5 30
10 3.29B 10 20
i i 3 .321 30
12 3 .331 5 5 10
13 3.31B 20 10
11 3.351 30
15 3 .397 30
16 3 .1 0 3 15
17 3.10B 30
10 3 .1 3 5 5 5 10
19 3 .1 1 0 20 10
20 3 .5 0 9 20 10
21 3 .5 1 6 10 20
22 3 .5 1 2 30
23 3 .5 6 5 15 30
21 3 .6 2 5 15 30
25 3 .6 3 3 10 20
26 3.661 30
27 3 .688 15
G E O D E S I C  DOME
ConFiguration GDI 
DESIGN OF MEMBERS
Support Type S2 
Steel Circular Hollow Sections
P C  1 | D = 7 6 .1  (nm 
kbl (1=3.2 m  '
PCO  I ______CoZ I 1= 1,0 rnm '
Weight = 87.9 N/m2
Fig 3.5.9
TYPE
No.
LENGTH
»
No. OF MEMBERS 
WITH X -S E U IO N  OF
CS1 CS2
1 2 .637 20
2 2.931 30
3 2 ,908 20
1 3 .0 2 0 20 10
5 3 .097 15
6 3.111 20 10
7 3 .1 5 0 20
B 3 ,1 9 0 20 10
9 3 .2 1 5 30
10 3 .2 9 8 10 20
11 3 .321 20 10
12 3 .331 20
13 3 .3 1 8 20 10
11 3.351 30
15 3 .397 20 10
IS 3 .1 0 3 15
17 3 .1 0 8 30
IB 3 .1 3 5 20
19 3 .1 1 8 20 10
20 3 .5 0 9 20 10
21 3 ,516 10 20
22 3 .5 1 2 20 10
23 3 .5 6 5 .15 • 30
21 3 .6 2 5 15 30
25 3 .6 3 3 10 20
2G 3.661 30
27 3 .688 15
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G E O D E S I C  DOME
ConPiguration GDI
CAPACITY CHECK 
Ratio op the internal Force to the capacity op member.
Load Case LA 
Support Type S1
Fig 3.5.18
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G E O D E S I C  DOME
ConPiguration GD1 
CAPACITY CHECK
Ratio op the internal Force to the capacity op member.
Load Case LB 
Support Type S2
Fig 3.5.11
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3.6 DISCUSSION OF RESULTS
Conf i gura t i on  GDI
The member forces ,  nodal d e f l e c t i o n s  and support  react i ons  
obtained from a n a l y s i s  o f  the geodesi c  dome have been 
di scussed for the two types of  support s ,  i . e .  S I  and S2.
The d i s c u s s i on  of  support  type S I  i s  in sect i on 3.6.1.  This  
i s  fo l l ows by a d i s c u s s i on  of  support  type S2 in sect i on
3.6.2.
3.6.1 The Study of  Support  Type S I
(A) AXIAL FORCES
Conf i gura t i on  GDI 
Support  type S I
Fi gures  3.6.1.1 to 3.6.1.4  i l l u s t r a t e  the s t res s  
d i s t r i b u t i o n s  in the dome, with support  type s i ,  for each 
load case.
As the f i gu r es  show, the compress ive axial  forces  i ncrease  
r ap i d l y  as they approach the supports  with f u l l y  
t r an s l a t i on a l  r e s t r a i n t .  The axial  forces for  the res t  of  
the members are reasonably  uniform.
The maximum t e n s i l e  force va r i es  from 40% to 57% of the
maximum compressive force,  under the four load cases .
The maximum force in the dome, under load case LB, i s  the
l a r g e s t  as compared with the other load cases .
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The app l i c a t i on  of  load case LA, which i s  a combinat ion of  
dead and imposed l oads ,  produces symmetrical  s t r e s s  
d i s t r i b u t i o n .
The maximum axial  forces  on one s ide of the dome, under the 
load cases  LB and LD, are 30% l a r g e r  than the forces  on the 
other s ide,  because of  the unsymmetrical  snow load..
The member forces  for  load case LC, which i s  a combination  
of  dead and wind l oads ,  are s i g n i f i c a n t l y  smal ler  than the 
other load cases .
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G E O D E S I C  DOME
Configuration GDI
AXIAL FORCE COEFFICIENTS. 
Support Type SI
Load Case LA 
Factor = 3.97 kN
Fig 3.6.1.)
G E O D E S I C  DOME
Configuration GDI
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LB 
Factor = 5.01 kN
Fig 3.6.I.2
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G E O D E S I C  DOME
ConPiguration GDI
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LC 
Factor = 2.G7 kN
Fig 3.S.I.3
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G E O D E S I C  DOME
Configuration 6D1
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LD 
Factor = 4.73 kN
Fig 3.6.1.1
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(B) DEFLECTIONS
Conf i gura t i on  GDI 
Support  type S I
The de f l e c t i o n s  are represented by contour l i n e s  and al so in 
the form of  dots ,  as the Fi gs  3.6.1.5 to 3.6.1.8 show.
The dome has the maximum def l ec t i on  under the load case LA, 
which produces symmetrical  de f l e c t i o n s .
The dome l i f t s  v e r t i c a l l y  near the f u l l y  t r a n s l a t i o n a l  
c o ns t r a i n t  po int s  by 30% to 41% of  the maximum downward 
def l ec t i on ,  for  var i ous  load cases.
The maximum def l ec t i on  for  load cases LB and LD i s  on the 
s ide with high i n t e n s i t y  of  snow. Load case LC produces  
smal ler  d e f l e c t i o n s  than the others.
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(C) SUPPORT REACTIONS 
Conf i gura t i on  GDI 
Support type S I
The d i s t r i b u t i o n  of support  reac t i ons  in the dome for  the 
four load cases  are d i sp l ayed in Fi gs  3.6.1.9 to 3.6.1.12.
As the f i gu r e s  show, the support  react i ons  i ncrease r a p i d l y  
as they approach the tran si a t i o n a l 1y cons t ra i ned nodes.
The hor i zonta l  r eac t i ons  on the v e r t i c a l l y  r e s t r a i ned  
support  po int s  are zero.
The a pp l i c a t i on  of  load case LA, which i s  a combinat ion of
dead and imposed l oads ,  produced symmetrical  r eac t i ons .
The reac t i ons  on one s ide of  the dome under load cases  LB
and LD, are l a r g e r  than the react i ons  on the other s ide.  
This i s  due to unsymmetrical  snow load i nvol ved in these 
1oad c a s e s .
The respect i ve  maximum ver t i c a l  react ion are 390, 487, 248
and 444 kN for  load cases  LA, LB, LC and LD.
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(A) AXIAL FORCES
Conf i gura t i on  GDI 
Support type S2
The s t res s  d i s t r i b u t i o n  in the members i s  almost  uni form.
The maximum axial  f orces  are near the supports  which are not 
l y i n g  on the symmetrical  diameter.
The axial  forces  in the members connect ing two consecut i ve  
support  nodes are zero,  (see F i gs  3.6.2.1 to 3 . 6 . 2 . 4 ) .
The behaviour  of  the dome under load cases LB and LD, i s  
almost the same, but the axia l  forces  under load case LB i s  
l a r g e r  than those under load case LD.
The maximum t e n s i l e  forces  are 56%, 26%, 45% and 38%, of  the 
maximum compress ive forces  for  load cases LA, LB, LC and LD, 
respect i ve l y .
3 . 6 . 2  The St udy  o f  S u p p o r t  Type S2
The maximum axial  force i s  95 kN under load case LB.
95
G E O D E S I C  DOME
Configuration GDI
AXIAL FORCE COEFFICIENTS
Support Type S2
(.oad Case LA 
Factor = .75 kN
Fig 3.6.2.I
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G E O D E S I C  DOME
Configuration GDI
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LB 
Factor = .95 kN
Fig 3.6.2.?
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G E O D E S I C  DOME
Configuration GDI
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LC 
Factor = .51 kN
Fig 3.M.3
G E O D E S I C  DOME
ConPiguration GDI
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LD 
Factor = .85 kN
Fig 3.6.2.1
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(B ) DEFLECTIONS
Conf i gura t i on  GDI 
Support type S2
Fi gures  3.6.2.5 to 3.6.2.8  show the nodal d e f l e c t i o n s  in the 
dome. The f i gu r e s  show the def l ec t i on  in the form of  
contour l i n e s  together  with dots .  The d e f l ec t i o n  in each 
node can be amened by the s i ze of  the dots and a l so the
c o e f f i c i e n t  along each node. The hol low c i r c l e  i nd i ca tes
the upward d e f l e c t i o n s .
The symmetrical  load case LA produces symmetrical
d e f l ec t i on s  and the maximum def l ec t i on  which i s  on the apex 
of the dome , 3.6.2.5.
The maximum def l ec t i on  for  load case LC i s  on the apex of  
the dome but overa l l  d e f l e c t i o n s  are not symmetric,  Fig 
3.6.2.7.
Al l  the nodes next to support  nodes l i f t  v e r t i c a l l y  under 
l oad cases LA and LB. For load cases LC and LD, the nodes 
only at the windward and leeward edge l i f t  on the nodes next  
to support  po int s .
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(C) SUPPORT REACTIONS 
Conf i gura t i on  GDI  
Support  type S2
The d i s t r i b u t i o n  of  the support  react i ons  in the dome with 
support  type S2 i s  almost  uni form, Fi gs  3.6.2.9 to 3.6.2.12.
The hor i zonta l  r eac t i ons  on a l l  the support po int s  are 
di rected inward the s t ruc ture.  I t  f o l l ows  that  the dome i s  
under compress ive s t r e s s e s ,  which i s  obvious from the 
dominance of  compress i ve forces  in most of  the members.
The magnitude of  v e r t i c a l  react i ons  are l a r ger  than those of  
the hor i zonta l  r eac t i ons ,  which i nd i ca tes  the s t a b i l i t y  of  
the dome.
The maximum v e r t i c a l  and hor i zonta l  react i ons  are 102 and 
66, r e s p e c t i v e l y ,  under load case LB.
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3.7 GEODESIC DOME : Con f i gu r a t i o n  GD2 
Layout and S t ruc tura l  D e t a i l s
3.7.1 SPECIFICATIONS
The type of  brac ing  for  t h i s  dome i s  based on the North-pole  
of  the geodesic  s u b d i v i s i o n  of  an i cosahedron,  us ing the 
frequency 15. However, only 10 out of 15 frequency i s  used 
to obtain the c o n f i g u r a t i o n  o f  the dome. Therefore,  the 
dome of  c o n f i g u r a t i o n  GD2 i s  shal lower than c o n f i g u r a t i o n  
GDI,  see Fig 3.7.1.
The diameter of  the dome i s  50 m and i t s  hei ght  i s  10 m. I t  
fo l l ows  that ,  the he i gh t - t o - d i ameter  r a t i o  i s  1/5. Thi s  
dome i s  cover ing  an area of  1670 m2 in hor i zonta l  plane.  
However, the spher i ca l  sur face area i s  found to be 1884 m2.
Figure 3.7.2 shows the types of  members together  with the 
tota l  number o f  nodes and members. The members having the 
same length are ca tegor i sed  as a type of  member. There are 
775 members in tota l  along with 276 nodes. The members are 
divided into 43 groups according  to thei r  l eng ths .
3.7.2 DATA PREPARATION 
Conf i gura t i on  GD2
The formex used to generate the data i s
: NF, R:
G11 = 1i b ( i = 0 , N F ) : 1 i b ( j = 0 , i ) : proj i d ( 3 * i , NF - i +2* 0 ) : [ 0 , 0 , 0 ]  
E l = r i n ( 2 , 1 6 , 2 ) : [45,0,0]
E 2 = r i n ( 2 , 15, 2 ) : [42 , 1 , 0 ]
E 3 = r i n { 2 , 1 4 , 2 ) : [39,2,0]
G£oo
He
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TYPE 
No.
No. OP 
MEMBERS
LENGTH
1 5 2.251
2 10 2.361
3 5 2 .1 1 0
1 10 2 .1 7 2
2 .5 2 7
2 .5 6 1
2 .5 8 0
2.611
2 .6 1 5
2 .6 8 3
2 .7 0 5
2 .7 3 5
2 .7 5 0
2 .7 7 3
2 .7 9 8
2 .8 1 3
2 .8 2 1
2 .8 2 6
2 .8 3 0
2 .8 1 9
2 .9 7 8
29 30 2 .9 9 2
30 10 2 .9 9 8
31 30 3.021
32 30 3 .0 2 9
33 30 3 .0 3 8
3 .0 6 0
3 .0 6 3
3 .1 0 5
3 .1 1 9
3 .1 2 8
3 .1 5 1
3.166
3 .1 7 5
3 .1 9 93.202
G E O D E S I C  DOME
ConPiguration GD2
TYPE OF ELEMENTS
No. oP nodes = 27G 
No. op elements = 775
Diameter oF dome = 50.0 m 
Radius oP dome = 36.41 m
Fig 3.7.2
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E4=r i n ( 2 , 13 , 2 ) : [ 36 , 3 , 0 ]
E5=r i n ( 2 , 12 , 2 ) : [ 33 , 4 , 0 ]
E=E1 # E2 # E3 # E4 # E5
G l = l u x ( E ) : G i l
F 1 = v i n ( 2 ,  3. 1623 ) : Gl
NP= l i b ( K=0 , 4 ) : t r an ( 2 , K* 2* NF ) : F l
K l = l i b ( i = l , 4 ) : [ 0 , ( 2 * i + 1 ) * N F , 0 ;  0,NF,0]
K2 = 1i b ( 1 = 1 , NF) : [ 3 * 1 , (9*NF+1) ,0
K3 = l1b(1 = 1 , NF ) : [ 3 * 1 , ( 3 * NF - 1 ) ,0
K4=11b(1- l .NF) : [ 3 * 1 s ( 5 * N F - i ) ,0
K5 = l 1 b (1=1,NF) : [ 3 * 1 , (7*NF-1) ,0
K6=11b ( i = l , NF ) : [ 3 *1 , ( 9 *NF - 1 ) , 0
K=K1 # K2 # K3 # K4 # K5 # K6
GDl = nov( K ) : NP
GD = pex: GD 1
G=ram(tap( 1 , 2 ) ) : GD
Dl = di c (G) : GD
D=r a s ( t a p ( 1 , 2 ) ) : DI
USE MINE( NF, R)
DRAW GD
3 * i , ( l * N F - i ) , 0 J  
3*i  , ( 1*NF+1) ,0] 
3 * i , ( 3 * NF + i ) , 0 ]  
3*i  , ( 5*NF+t ) ,0]  
3 * 1 , ( 7*NF+i ) , 0 J
where NF and R are 15 and 36.41 m, r es pec t i ve l y .
3.7.3 LOAD CASES
Conf i gura t i on  GD2
The design of  four load cases and the amounts of  l oads  
each node are shown in F i gs  3.7.3 to 3.4.6.  Al so,  
descr i pt i on  of  combinat ion of  load cases are i l l u s t r a t e d  
the f i gures .
on 
the 
i n
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G E O D E S I C  DOME
Configuration GD2
LOAD CASE LA
LA = 1.4 DL + 1.6 IL
DL=0.10 kN/m2 on sphere
50 m
IL = Im.Aep 
Im=0.75 kN/m2 
Aep=Area on plan
IMPOSED LOAD
Fig 3.7.3
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G E O D E S I C  DOME
Configuration GD2
LOAD CASE LB
LB = 1.1 DL + 1.6 SL
DL=0.10 kN/m2 on sphere
SL - U.Se.Aep 
Se=0.75 kN/m2 
Aep=Area on plan
SNOW LOAD
Fig 3.7.1
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G E O D E S I C  DOME
Configuration GD2
LOAD CASE LC
LC = 1.4 DL + 1.4 WL
DLS0.40 kN/m2 on sphere
.V=1B m/ s
WL -  Cpe.q.Aes 
q=0.537 kN/m2 
AessArea on sphere
WIND LOAD
Cpe
A= -0.15 
B= -0.75 
C= -0.20
Fig 3.7.5
GEODESIC DONE
Configuration GD2
LOAD CASE LD
LD = 1.2 DL + 1.2 SL + 1.2 VL 
DL=0.10 kN/m2 on sphere
^= 10 m/s
WL = Cpe.q.Aes A= -0.15
q=0.537 kN/n2 Cpe B= -0.75 
Aes=Area on sphere  c= -0.20
SL « U.Se.Aep 
Se-0.75 kN/m2 
Aep=Area on plan
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3.7.4 BOUNDARY CONDITIONS 
Conf i gura t i on  GD2
Al l  the boundary nodes are supported in two ways, as 
descr ibed in Fig 3.7.7.  The support  nodes are cons idered to 
be free to rotate in any d i r e c t i o n .
3.7.5 DESIGN 
Conf i gura t i on  GD2
The des ign of members for  both support types have been 
descr ibed in Fi gs  3.7.8 and 3.7.9.
Four types of  c r o s s - s e c t i o n  with d i f f e r e n t  diameters  and 
t h i cknesses ,  have been used to design the members of  the 
dome, with support type SI .
The dome with support  type S2 has been designed with the
same diameter of  the tubes but with d i f f e r e n t  th i cknesses .
The dome with support  type S I  i s  heavier than the other one.
3.7.6 CAPACITY CHECK 
Conf i gura t i on  GD2
Fi gures  3.7.10 and 3.7.11 show the r a t i o s  of  the internal  
forces  to the c a p a c i t i e s  of  the members for  load case LD.
The r a t i o s  in the f i gu r e s  show that  the des ign for  each
support  type,  i s  s a t i s f a c t o r y  for  load case LD.
The r a t i o s  of  the i nternal  forces  to the c a p a c i t i e s  of  
members, under the other three load cases ,  for support  types
GEODESIC DOMES 118
SI  and S2, were ploted.  Those p l ot s  a l so  show that  a l l  the 
i nternal  forces  are wi thin the c a p a c i t i e s  o f  the members in 
al l  cases.
119
G E O D E S I C  DOME
Configuration GD2
DESIGN OF MEMBERS 
Support Type St
Steel Circular Hollow Sections
n m  I D® 76.1 mm 
Ufa! [ 1 = 3 . 2  mm
r o o  | D = 8 8 - 9  _ _ _ _ _
C o z  J 1 = 3 . 2  mm ----------
r o o  | D = 1 H *3  m  . .UoJ 11= 5,0 fnm
r o z  | D = 1 3 9 -7  mm 
LfaT | 1= 6.3 mm '
Weight = 106.2 N/m2
Fig 3.7.8
TYPE
No.
LEN6TH
IX
No. OF MEMBERS 
WITH X-SECTION OF
CS1 CS2 CS3 CS1
1 2.251 5
2 2.361 10
3 2 .1 1 0 5
1 2 .1 7 2 10
5 2 .5 2 7 10
6 2 .561 5
7 2.5B0 10
8 2.611 10
9 2 .6 1 5 5
10 2 .6 8 3 20
11 2 .7 0 5 5
12 2 .7 3 5 10
13 2 .7 5 0 12
11 2 .7 7 3 10 10
15 2 .7 9 8 10
16 2 .8 1 3 10
17 2 .821 10
1 8 2 .8 2 6 5
19 2 .8 3 0 5
20 2 .8 1 8 30
21 2 .8 7 6 10
22 2 .9 0 3 30
23 2 .9 1 3 10
21 2 .9 1 3 15 5
25 2 .9 3 0 20
26 2 .9 3 3 30
27 2 .9 3 9 20 10
28 2 .9 7 8 10 5 5
29 2 .8 9 2 20 10
30 2 .9 9 8 5 5
31 3.021 20 10
32 3 .0 2 9 10 20
33 3.03B 30
31 3 .0 6 0 20
35 3 .0 6 3 20 10
36 3 .1 0 5 30 30
37 3 .1 1 9 30
3B 3 .1 2 8 15
39 3 .151 10 10
10 3 .1 6 6 10 20
11 3 .1 7 5 10 20
12 3 .1 9 9 15
13 3 .2 0 2 10 10
121
TYPE
No.
LENGTHm
No. OF MEMBERS 
WITH X-SECTION OF
2.87G
2.903
2 .913
2 .919
2 .930
2 .933
2 .939
2 .970
2 .992
2 .998
3.021
3 .0 2 9
3 .030
G E O D E S I C  DOME
Configuration GD2
DESIGN OF MEMBERS 
Support Type S2
Steel Circular Hollow Sections 
CSI 
CS2
D=76.1 mm
1=3.2 mm
D=76.1 mm
t= 1.0 mm
r: 85.7 N/m2
Fig 3.7.9
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G E O D E S I C  DOME
Configuration GD2
CAPACITY CHECK 
Ratio oF the internal force to the capacity oF member.
Load Case LD 
Support Type SI
Fig 3.7.10
123
G E O D E S I C  DOME
Configuration 6D2
CAPACITY CHECK 
Ratio of the internal force to the capacity of member.
Load Case LD 
Support Type S2
Fig 3.7.II
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3.8 DISCUSSION OF RESULTS
Conf i gura t i on  GD2
The member forces ,  nodal d e f l e c t i o n s  and support  reac t i ons  
are obtained from pin-connected a n a l y s i s  of  the geodesic  
dome for the four load cases  and with two types of  support s .  
These r e s u l t s  are represented g r a p h i c a l l y  and a d i s cu s s i on  
of the forces ,  d e f l e c t i o n s  and support react i ons  i s  made 
b el ow.
3.8.1 The Study of  Support  Type S I
(A) AXIAL FORCES
Conf i gura t i on  GD2 
Suppor t . type S 1
As the Fi gs  3.8.1.1 to 3 .8.1.4  show, for al l  load cases ,  the
s t res s  d i s t r i b u t i o n  in the dome i s  almost uniform except for
the members around the supports  which are tran s i a t i o n a l 1y 
const ra ined,  where, the compress ive s t r es s  i s  i ncreased  
r ap i d l y .  So, those members have to be designed separate l y .
The overal l  axial  f orces  in t h i s  conf i gura t i on  i s  l a r g e r
than those on c on f i g u r a t i o n  GDI.
The t ens i l e  forces  are l i m i t e d  to the area near the
supports .  The maximum t e n s i l e  force for none of  the load 
cases  i s  more than 50% of  the maximum compressive forces .
Load case LB produces the maximum axial  force,  wh i l s t  the 
maximum axial  force for  l oad case LA i s  80% of  the maximum 
compressive force for  load case LB.
125
G E O D E S I C  DOME
Configuration GD2
AXIAL FORCE COEFFICIENTS
Support Type SI
Load Case LA 
Factor = 1.91 kN
Fig 3.8.I.I
126
G E O D E S I C  DOME
Configuration GD2
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LB 
Factor = 5.38 kN
Fig 3.8.1.2
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LC 
Factor = 3.00 kN
GEODESIC DOME
ConPiguration GD2
Fig 3.8.I.3
AXIAL FORCE COEFFICIENTS
Support Type SI
Load Case LD 
Factor = 5.68 kN
GEODESIC DOME
Configuration GD2
Fig 3.8.1.1
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(B) DEFLECTIONS
Conf i gura t i on  GD2 
Support type S I
The nodal de f l ec t i ons  in con f i gura t i on  GD2 are l a r ger  than 
those in conf i gura t i on  GDI, though they are s t i l l  small  with 
respect  to diameter of the dome, Fi gs  3.8.1.5 to 3.8.1.8.
The maximum def l ec t i on  i s  on the apex of  the dome, for  load 
cases LA and LC, though, the maximum def l ec t i ons  for  load 
cases LB and LD are on one s ide of  the dome with high 
i n t en s i t y  of  snow.
As the f i gu res  show, the nodes near the f u l l y  t r a n s l a t i on a l  
c on s t r a i n t  have v e r t i c a l l y  l i f t e d  about 40% of  the maximum 
downward de f l ec t i on .
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(C) SUPPORT REACTIONS 
Conf i gurat i on  GD2 
Support type SI
The support react i ons  of  the c on f i gu r a t i o n  GD2 of geodesic  
dome with support  type S I  are represented graphi ca l  as shown 
in F i gs  3.8.1.9 to 3.8.1.12.
As the f i gu re s  show the ver t i c a l  react i ons  at the f u l l y  
t r an s l a t i on a l  supports  are about 15 times more than the 
maximum ver t i ca l  react i ons  for the other support nodes.
The nodes next to the t r a n s i a t i o n a l 1y const ra ined points  
have small negat ive ver t i c a l  r eac t i ons .
The hor i zontal  react i ons  on the nodes which are v e r t i c a l l y  
supported are zero. Though the d i s t r i b u t i o n  of ver t i ca l  
react i ons  i s  almost uniform on these nodes.
The maximum ver t i c a l  and hor i zonta l  react i ons  are 542 and 
630 kN under load case LB.
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(A) AXIAL FORCES
Conf i gura t i on  GD2 
Support type S2
Fi gures  3.8.2.1 to 3.8 .2 .4  descr ibe the s t res s  d i s t r i b u t i o n s  
for the dome, under four load cases  with support  type S2.  
As the f i gu re s  show, a l l  the members are car ry i ng  
compressive axial  f orces .
The s t res s  d i s t r i b u t i o n s  in t h i s  case are almost uni form,  
and the axial  f orces  between two consecut i ve supports  are 
zero .
The maximum axial  force i s  under load case LB.
The a pp l i c a t i on  of  load case LB and LD, because of  the high 
i n t e n s i t y  of snow load on one side of the s t ruc ture ,  
produces unsymmetrical  s t r e s s  d i s t r i b u t i o n s . However, the 
forces  in the dome under load case LD i s  genera l l y  smal l er  
than those under load case LB.
The member forces  for  load case LC, which i s  a combinat ion  
of  dead and wind l oads  are smal ler  than the other three load  
c a s e s .
3 . 8 . 2  The St udy  o f  S u p p o r t  Type S2
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(B) DEFLECTIONS
Conf i gura t i on  GD2 
Support  type S2
Fi gures  3.8.2.5 to 3 . 8 .2 . 8  show the def l ec t i on  diagrams for  
four load cases  with support  type S2.
The maximum de f l ec t i on  i s  under load case LA.
The dome under load case LB l i f t s  v e r t i c a l l y ,  on the apex, 
as much as 5% of the maximum downward d e f l ec t i on .
The maximum d e f l e c t i o n s  f or  load case LA and LC are on the
apex of the dome. However, the maximum def l ec t i on  for  load
cases LB and LD, are on the side with high i n t e n s i t y  o f  snow
load.
The maximum de f l ec t i on  on one s ide of  the dome under load 
cases  LB and LD are two times that  of  those on the other  
s i d e .
The value of  the maximum def l ec t i on  for load LC does not
d i f f e r  from that  for  l oad case LD.
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(C)  SUPPORT REACTIONS 
Conf i gura t i on  GD2 
Support  type S2
The d i s t r i b u t i o n  of  support  r eac t i ons  in the c o n f i g u r a t i o n  
SD2 of  Schwedler dome, with support  type S2 are shown in 
F i g s  3.8.2.9 to 3.8.2.12.
The f i gu r e s  show that  the hor i zonta l  react i ons  on a l l  the 
support  po int s  are d i rected  inward the dome.
The magnitude of  the hor i zonta l  reac t i ons  in t h i s
con f i g u r a t i o n  are g e ner a l l y  l a r g e r  than the v e r t i c a l
reac t i ons .  I t  can be a t t r i bu ted  to the r e l a t i v e l y  sha l l ow  
depth of  c o n f i g u r a t i o n  GD2.
Load case LA produced symmetrical  react i ons .  The reac t i ons
for  load case LC are smal l er  than those of  the other  load
cases .
The reac t i ons  on one s ide of  the dome under load cases  LB
and LD are l a r g e r  than those on the other s ide.  Thi s  i s  due 
to the unsymmetrical  l oad i ng .
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3.9 CONCLUDING DISCUSSION
The s t r e s s  d i s t r i b u t i o n  in the dome shows that  most of  the 
members are c a r r y i n g  compress i ve axia l  f o rces ,  w h i l s t  the 
extent of  t e n s i l e  ax i a l  forces  i s  l imi ted-  to the area near 
the supports .  Fur ther ,  the maximum t e n s i l e  force for  any 
load case i s  not more than 60% of the maximum compress ive  
f o r c e s .
The maximum axial  f orces  and maximum ver t i c a l  d i spl acements  
in both c o n f i g u r a t i o n s  for  the four load cases  and two 
boundary c ond i t i ons  are recorded in Table 3.10.1 ( in sect i on  
3.10) .
As the Table shows with support  type S I ,  the maximum axial  
forces  in c o n f i g u r a t i o n  GD2 are 12% to 25% more, for  
d i f f e r e n t  load cases ,  than those in c o n f i g u r a t i o n  GDI.  
However, for support  type S2, the maximum axia l  f orces  in 
both c o n f i g u r a t i o n s  are almost  the same.
The reduct ion in d e f l e c t i o n s  in the dome, with support  type 
S I ,  for  c o n f i g u r a t i o n  GDI compared with c o n f i g u r a t i o n  GD2, 
var i es  from 20% to 40%, for  d i f f e r e n t  load cases .
The maximum d e f l e c t i o n s  for  support  type S2 in c o n f i g u r a t i o n  
GDI are almost  smal l er  than those in c on f i g u r a t i o n  GD2, 
except for  load case LD, where the maximum d e f l ec t i on  in 
c on f i gura t i on  GDI i s  a b i t  l a r g e r  than c on f i g u r a t i o n  GD2.
For both c o n f i g u r a t i o n s  with the support  type S I ,  the 
compressive axia l  f orces  are found to i ncrease  r a p i d l y  as 
they approach the supports  which have complete t r a n s l a t i o n a l  
r e s t r a i n t  movements. Further,  t e n s i l e  forces  are found to 
be dominant in the members near the supports  having only  
ve r t i c a l  c o n s t r a i n t s .
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However, the s t r e s s  d i s t r i b u t i o n  for  res t  of  the members in 
the dome i s  almost  uni form and much smal ler  than for  the 
members near the support s .
For support  type S2, the concent rat i on  . o f  forces  in the 
members near the suppor t s  i s  r e l a t i v e l y  l e s s  severe,  and the 
r e s u l t i n g  s t r e s s  d i s t r i b u t i o n  in t h i s  case i s  almost
uni form. The maximum axia l  f orces  for support  type S2 i s
only 20% of those for  boundary cond i t i on  S I ,  Table 3.10.1.
The dominance of  member forces  near the supports  for support  
type S I ,  i s  the d i r e c t  r e s u l t  of  the l a t e r a l  d i spl acements
at  the v e r t i c a l  r e s t r a i n t  po int s .  Consequent ly,  the axial  
forces  in the members connect ing  two consecut i ve complete 
t r a n s l a t i o n a l  c o n s t r a i n t s  for  support  type S2, are zero.
The comparison of  ax i a l  forces  in the dome with two types of  
support s ,  under the i n f l uence  o f  the four load cases ,  for  
c o n f i g u r a t i o n s ,  GDI and GD2, are i l l u s t r a t e d  in F i g s  3.9.1
to 3.9.8.  The va lue of  the axia l  forces  r e l a t e s  to the
thickness  of  the l i n e  represent i ng  each member. The axial  
force in a member can a l so  be obtained by d i r e c t l y
mu l t i p l y i ng  the value shown along the member, wi th the
factor  given in the diagram.
In both c o n f i g u r a t i o n s  the a p p l i c a t i o n  of  load case LA, 
which i s  the combinat ion of  dead and imposed l oads ,  produces  
symmetrical  s t r e s s  d i s t r i b u t i o n s .
In load case LB, because of  the high i n t e n s i t y  o f  snow 
l oading  on one s ide of  the s t ruc ture ,  the forces  in the 
members are l a r g e r  than those o f  the other s ide.  The 
maximum axial  f orces  on one s ide of  the dome i s  30% l a r ger  
than the forces  on the other s ide of  the dome.
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The forces  in part  of  the dome which i s  under hi gher  
i n t e n s i t y  of  snow l oad,  for  l oad case LB i s  l a r g e r  than that  
for load case LA, though,  the de f l e c t i o n s  are found to be 
cons iderab l y  l a r g e r  for  load case LA, (see Table 3.1) .
The i nf l uence of  the two boundary cond i t i ons  on the s t r e s s  
d i s t r i b u t i o n  in the dome for the other two load cases  i s  not 
s i g n i f i c a n t l y  d i f f e r e n t  to the f i r s t  two cases .
However, both the member forces  and r e s u l t i n g  nodal 
de f l ec t i on s  for  load case LC are s i g n i f i c a n t l y  smal l er  than 
those for the other three load cases .
The behaviour  of  the dome under load case LD does not d i f f e r  
s i g n i f i c a n t l y  from that  o f  l oad case LB.
The dome i s  subjected to the maximum def l ec t i on  under load  
case LA.
The dome with support  type S I  l i f t s  v e r t i c a l l y  near the 
f u l l y  t r a n s l a t i o n a l  c o n s t r a i n t  po int s  by 40% of  the maximum 
downward de f l e c t i o n .  The maximum l i f t  in the dome with 
support  type S2 i s  10% of  the maximum downward d e f l e c t i o n .
The comparison of  d e f l e c t i o n s  in both c o n f i g u r a t i o n s ,  for  
four load cases  through the symmetrical  diameter,  (wi th  
respect  to each load ca se ) ,  have been i l l u s t r a t e d  in F i gs
3.9.9 and 3.9.10 for  c o n f i g u r a t i o n s  GDI and GD2, 
respec ti  vel y . In each case,  the d e f l e c t i o n s  are obtained  
from the nodes l y i n g  on the symmetrical  diameter.
The reduct ion in d e f l e c t i o n s  in the dome with support  type 
S2 compared with support  type S I  v a r i e s  from 30% to 55% for  
d i f f e r e n t  load cases ,  (see F i gs  3.9.9 and 3 .9.10) .
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The maximum ax i a l  f o r c e s  and maximum v e r t i c a l  d i s p l a c e m e n t s  
in both c o n f i g u r a t i o n s  f or  the  four l oad c a s e s  and two 
boundary c o n d i t i o n s  are  t a b u l a t e d  in Table 3 . 1 0 . 1 .
3 . 1 0  CONCLUSIONS
G E O D E S I C  D O M E
L o a d
C a s e
C o n P i g u r a t i o n  G D I C o n f i g u r a t i o n  G D 2
S u p p o r t  T y p e  S1 S u p p o r t  T y p e  S 2 S u p p o r t  T y p e  S I S u p p o r t  T y p e  S 2
M axim um  
AXIAL 
■ FORCE 
kN
M axim um
DEFLECTION
mm
M a xim um
AXIAL
FORCE
KN
M aximum
DEFLECTION
mm
M aximum
AXIAL
FORCE
kN
M aximum
DEFLECTION
mm
M aximum  
AXIAL ' 
FORCE 
kN
M axim um
DEFLECTION
mm
LA - 3 9 7 3 7 . 7 - 7 5 2 6 . 8 - 7 9 7 7 7 . 6 - 7 6 2 9 . 5
LB - 5 0 1 2 9 . 5 - 9 5 1 6 . 7 - 5 9 8 7 2 . 5 - 1 0 0 1 9 . 3
L C - 2 S 7 2 2 . 8 - 5 7 1 6 . 3 - 3 0 0 2 7 . 6 - 7 7 1 7 . 1
LD - 7 7 3 2 9 . 5 - 8 5 18  . 3 - 5 6 8 3 9 . 2 - 8 6 1 7 . 3
W e i g h t 31 . 1  ' N /m 2 8 7 . 9  k N /m 2 1 0 6  . 2  . N /m 2 8 5 . 7  N /m 2
COMPARISON OF STR ESS D IS T R IB U T IO N  AND DEFLECTION
T ab le  3 .1 8 .1
From the s t r e s s  d i s t r i b u t i o n s ,  nodal d e f l e c t i o n s  and support  
r e a c t i o n s ,  the f o l l o w i n g  comments can be used:
1-  The c o n f i g u r a t i o n  GDI shows a more r i g i d  behav i our  than 
t h a t  o f  c o n f i g u r a t i o n  GD2. That i s  t o .  s ay ,  the l a r g e r  
h e i g h t  to d i amet er  r a t i o  r e s u l t s  in a s t i f f e r  dome.
2- The support  arrangement  type S2 r e s u l t s  in a r e l a t i v e l y  
uniform s t r e s s  d i s t r i b u t i o n  and i ncrea se s' t he  r i g i d i t y  of  
the dome s i g n i f i c a n t l y  as compared with support  type SI .
3-  The member ax i a l  f o r c e s  f or  the unsymmetrical  snow l oad  
are found to be c r i t i c a l .
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4-  The maximum d e f l e c t i o n  in the dome occurred under l oad  
cas e  LA.
5-  In both c o n f i g u r a t i o n s ,  wi th two t ypes  o f  s uppo r t s  and 
v a r i o u s  l oad c a s e s  t he  maximum d e f l e c t i o n s  are s i g n i f i c a n t l y  
smal 1 .
6-  In both c o n f i g u r a t i o n s ,  wi t h  support  type SI ,  the  
v e r t i c a l  and h o r i z o n t a l  s uppo r t  r e a c t i o n s  for  f u l l y  
c o n s t r a i n e d  s upport s  are  c o n s i d e r a b l y  h i gh .
7-  The we i ght  per square  meter  i s  al most  s i m i l a r  f or  a l l  
c a s e s  e x c e pt  f or  support  type  SI o f  c o n f i g u r a t i o n  GD2, which  
i s  he av i e r  than t he  o t h e r s .
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SCHWEDLER 
DOMES
4 . 1  INTRODUCTION
A Schwedler dome, one o f  the most popular domes,  c o n s i s t s  o f  
meri di onal  r i b s  c onne c t e d  t o g e t h e r  to a number o f  hor i z ont a l  
polygonal  r i n g s .  To s t i f f e n  the r e s u l t i n g  s t r u c t u r e  so t hat  
i t  wi l l  a l s o  be abl e  to take unsymmetric l o a d s ,  each 
t rapezium formed by i n t e r s e c t i n g  mer i di onal  r i b s  wi th 
ho r i z o nt a l  r i n g s  i s  d i v i de d  i n t o  two t r i a n g l e s  by the  
i n t r o d u c t i o n  o f  a di agonal  member,  ( s e e  Fig 4 . 1 . 1 ) ,  Ref 2.
S C H W E D L E R  D O M E S  
F ig  1 .1 .1
The s i mp l e s t  forms o f  braced domes c o n s i s t s  o f  r i b s  of  
curved meri di onal  bars  connect ed t o g e t h e r  to a number o f
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h o r i z o n t a l  pol ygonal  r i n g s .  S i nce  t h e s e  domes can be 
p r e f a b r i c a t e d  and s p e e d i l y  e r e c t e d  on s i t e  wi th l i t t l e  
s c a f f o l d i n g ,  t h e r e f o r e ,  t he  c o s t  o f  c o n s t r u c t i o n  i s  l ow.  
Such a dome r e q u i r e s  onl y  a small  cent r a l  tower to provi de  
temporary support  for  the upper ends o f  t he  r i bbed u n i t s ,  
b e f o r e  t hese  are i n t e r c o n n e c t e d  at  the common apex during  
e r e c t i o n .
J.W. Schwedl er ,  a German e n g i n e e r ,  who i nt roduced t h i s  type  
o f  domes in 1863 , b u i l t  numerous braced domes during h i s  
l i f e t i m e .  Schwedler s t e e l  domes are f r e q u e n t l y  used to 
cover  l a r g e  c o l u mn - f r e e  a r e a s .  Such domes are u s u a l l y  o f  
the "open t ype",  i . e .  the mer i di onal  r i bs  t e r mi nat e  at  the  
l a n t e r n  r ing and do not  form a crown j o i n t .  There are  
var i ous  types  o f  brac i ng  arrangment  for  the apex o f  a dome 
c o n s i s t i n g  o f  a l a r g e  number o f  r i b s ,  ( Fi g  4 . 1 . 2 ) ,  Ref 17.
at the apex
S C H W E D L E R  D O H E S  
F i g  1 . 1 . 2
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Si nce  the c i r c l e  a l l ows  the g r e a t e s t  number o f  s e a t s  to be 
pl aced very c l o s e  to the  s t a g e  or the  arena f l o o r ,  
t h e r e f o r e ,  the domical  shape l e a d s  to a very economic  
s t r u c t u r e .  Exper i ence  shows t h a t  for  t he  l a r g e ,  c l e a r  spans  
requi red for publ i c  assembl y b u i l d i n g s ,  s t e e l  Schwedler  
domes provi de  a s o l u t i o n  combining the economy o f  mat er i a l  
with t h a t  o f  c o s t ,  Ref 2.
This  chapter  i n c o r p o r a t e s  f i r s t  a d i s c u s s i o n  o f  v a r i o u s  
d e t a i l s  o f  the Schwedl er  dome i n c l u d i ng  data pr epar at i on  
( s e c t i o n  4 . 3 ) ,  and the a n a l y s i s  and des i gn ( s e c t i o n  4 . 4 ) .  
This  i s  f o l l o we d  by a d e s c r i p t i o n  o f  c o n f i g u r a t i o n  SD1 of  
Schwedler dome in s e c t i o n  4 . 5 .  The r e s u l t s  o f  c o n f i g u r a t i o n  
SD1 are d i s c u s s e d  in s e c t i o n  4 . 6 .  S p e c i f i c a t i o n  o f  the  
c o n f i g u r a t i o n  SD2 are g i ven in s e c t i o n  4 . 7 ,  and i t s  r e s u l t s  
are d i s c u s s e d  in s e c t i o n  4 . 8 .  This  chapt er  i s  conc l uded  
with a d i s c u s s i o n  o f  the s t r u c t u r a l  behavi our  of  the  
Schwedler  dome.
4 . 2  SPECIFICATIONS OF THE DOME
The dome c o n s i s t s  o f  48 r i b s ,  onl y  6 o f  them are connec t ed  
at  the apex and the r e s t  o f  them are c onnec t ed  to the  
ho r i z o n t a l  r i n g s .  The r i b s  s t i f f e n e d  by 9 h o r i z o n t a l  r i n g s  
and 8 rows o f  di agonal  members,  forming a f u l l y  t r i a n g u l a t e d  
net wor k .
The s t r u c t u r a l  framework i s  composed of  870 c i r c u l a r  hol l ow  
s e c t i o n  members and 307 j o i n t s .  I t  c o v e r s  an area o f  1963 
m2.
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4 . 3  DATA GENERATION FOR SCHWEDLER DOMES
Formex a l gebra  have been used to ge ne r a t e  the e l ement  
t opo l ogy  and nodal c o o r d i n a t e s  for the s t r u c t u r a l  a n a l y s i s  
of  the Schwedler dome.
The c o n f i g u r a t i o n s  are ge ne ra t ed  by the r o t a t i o n  o f  r a d i a l l y  
symmetric component wi th r e s p e c t  to a f i x e d  p o i n t .  Formices  
are used to r e p r e s e n t  the i n t e r c o n n e c t i o n  p a t t e r n s  o f  t he s e  
c o n f i g u r a t i o n s  and a s p h e r i c a l  retronorm i s  used to obt a i n  
s phe r i c a l  c o o r d i n a t e .  This  retronorm i s  de f i ned  by
c o o r d i n a t e  e q u a t i o n s  o f  t he  form
r=b1 U1
0 = b 2 U 2
and
$ = b3 U3
These e qua t i o ns  r e p r e s e n t e d  a retronorm which i s  r e f e r r e d  to 
as a b a s i s p h e r i c a l  re t ronorm.
Each one o f  the e n t i t i e s  b l ,  b2 and b3 i s  a c o e f f i c i e n t  
which i s  r e f e r r e d  to as a b a s i f a c t o r .  There are two t ype s  
of  b a s i f a c t o r ,  l i n e a r  b a s i f a c t o r  and angular b a s i f a c t o r .  A 
l i n e a r  b a s i f a c t o r  shoul d be g i ven in terms o f  a u n i t  of  
l e ng t h  and an angul ar b a s i f a c t o r  should be g i ven in terms o f  
a u n i t  o f  a n g l e .
I f  b i s  an angul ar  b a s i f a c t o r  and i f  
Nb = 2TT
Then one may s p e c i f y  b d i r e c t l y  by g i v i n g  the va l ue  o f  b,  or 
one may s p e c i f y  b i n d i r e c t l y  by g i v i n g  t he  v a l ue  o f  - N. For
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a b a s i p o l a r  re t ronorm,  i f  
0=b2 U2
and
Nb 2 = 21
then b2 may be s p e c i f i e d  by s t a t i n g  t h a t  the retronorm i s  
‘ N - s e c t ' .
The above s t y l e  o f  s p e c i f i c a t i o n  for  angul ar  bas i  f a c t o r s  may 
a l s o  be used in r e l a t i o n  to b a s i s p e r i c a l  re t ronorms .  Thus,  
i f  for a b a s i s p e r i c a l  retronorm
Nb2 = 21
and
Mb 3 = 21
then the retronorm may be r e f e r r e d  as an 'N-M-sect '  
retronorm.
For example,  c o n s i d e r  the bas i  s ph e r i c a l  retronorm a 
schemat i c  r e p r e s e n t a t i o n  o f  which r e l a t i v e  to a r i g h t  handed 
t hree  di mens i onal  Ca r t e s i an  c o o r d i n a t e  system i s  shown in 
F ig  4 .3 .1 .
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Here,
b  2  =  T T / 1 0
and
b 3=W 8
and thus the retronorm may be r e f e r r e d  to as a 2 0 - 1 6 - s e c t  
r e t r onor m.
The above method of  s p e c i f i c a t i o n  o f  angul ar b a s i f a c t o r s  for  
v a r i o u s  retronorms i s  r e f e r r e d  to as the s e c t o r i a l  n o t a t i o n .  
In us ing the s e c t o r i a l  n o t a t i o n ,  the  terms N and M need not  
n e c e s s a r i l y  be i n t e g e r s .
4 . 4  STRUCTURAL ANALYSIS AND DESIGN
In order to det ermi ne  t he  nodal  d e f l e c t i o n s  and d e t a i l e d  
s t r e s s  d i s t r i b u t i o n  wi t h i n  the members,  the dome was 
anal ysed us i ng 'LUSAS',  a f i n i t e  e l ement  computer package.  
The dome was i n i t i a l l y  a na l y s e d  under load case  LA, f or  each 
c o n f i g u r a t i o n ,  assuming p r i s m a t i c  members wi th i d e n t i c a l  
c r o s s - s e c t i o n a l  areas  and p i n - c o n n e c t e d  end c o n d i t i o n s .  
Cladding i s  c onne c t e d  to the  nodes o f  the  dome, thus  
e ns ur i ng  nodal po i n t  l o a d i n g  and avoi di ng  any p o s s i b l e  l o c a l  
bendi ng .  Cons e que nt l y ,  t he  members are des i gne d  to c a t e r  
for axi a l  f o r c e s  o n l y ,  on the b a s i s  o f  BS 5950: par t  1:
1985,  which c o n s i d e r s  t he  l i m i t  s t a t e  method o f  d e s i g n .
The ot her  l oad c a s e s  were s ub s e q u e n t l y  i n v e s t i g a t e d  and the  
de s i gn  o f  members checked a c c o r d i n g l y .  Hence,  t he  dome i s  
provided wi th members havi ng d i f f e r e n t  c r o s s - s e c t i o n a l  areas  
to s a t i s f y  a l l  t he  l oad  c a s e s  for each c o n f i g u r a t i o n .
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4 . 5  SCHWEDLER DOME : Co n f i g u r a t i o n  SD1
Layout and St r uc t ur a l  D e t a i l s
4 . 5 . 1  SPECIFICATIONS
The di ameter  o f  the dome i s  50 m and the h e i g h t  i s  16. 66 m 
above the r i n g .  I t  f o l l o w s  t h a t  a h e i g h t - t o - d i a m e t e r  r a t i o  
of  1/3 i s  e v i d e n t  from t he s e  d i me n s i o n s ,  Fig 4 . 4 . 1 .
The r a d i us  o f  t he  dome i s  27 . 0 8  m. Thi s  dome c o v e r s  an area 
of  1963 m2, and the cor r e s po ndi ng  s phe r i c a l  area i s  2836 m2.
Fi gure  4 . 5 . 2  shows the  number o f  nodes and members in the  
dome. I t  a l s o  shows t h a t  870 members are d i v i ded  i nto  17 
t y pe s  accordi ng to t he  member l e n g t h s .  The member l e n g t h s  
in the dome v a r i e s  from 2 . 153  m to 4 . 7 4 6  m.
However,  t he  ma j o r i t y  o f  t he  members,  i . e .  264 r i b members,  
have the same l e n g t h  o f  3.  536 m. The f i g u r e  a l s o  i n d i c a t e s  
t h a t  t he  r i ng  and di agonal  members o f  each row are o f  the  
same 1 e n g t h .
4 . 5 . 2  DATA PREPARATION 
Co n f i g ur a t i o n  SD1
The formex f o r mul a t i o n  used to g e ne r a t e  the e l ement  t opo l ogy  
and nodal c o o r d i n a t e s  for t he  c o n f i g u r a t i o n  SD1 o f  the  
Schwedler dome i s
El = r i n i t ( 6 , 9 , 8 ,1 )  : [ 1 , 0 , 0 ;  1 , 0 , 1J 
E 2 = r i n i t ( 6 , 7 , 8 , l )  : [ 1 , 4 , 2 ;  1 , 4 , 3 ]
E 3 = r i n i t ( 1 2 , 6 , 4 , 1 )  : [ 1 , 2 , 3 ;  1 , 2 , 4 ]
E4 = r 1 n 1 t ( 2 4 , 4 , 2 , l )  : [ 1 , 1 , 5 ;  1 , 1 , 6 ]
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E = El # E2 # E3 # E4
FI = r i n ( 2 , 6 , 8 )  : [ 1 , 0 , 1 ;  1 , 8 , 1 J
F2 = r i n ( 2 , 1 2 , 4  ) : [ 1 , 0 , 2 ;  1 , 4 , 2 J  
F 3 = r i n i t ( 2 4 , 2 , 2 , l )  : [ 1 , 0 , 3 ;  1 , 2 , 3  J
F4 = r i n i t (4 8 , 5 , 1 , 1 )  : [ 1 , 0 , 5 ;  1 , 1 , 5J
F = FI # F2 # F3 # F 4
RI = r i n ( 2 , 6 , 8 )  : 1 am(2 , 4 ) : [ 1 , 0 , 1 ; 1 , 4 , 2 ]
R2 = r i n{ 2 , 1 2 , 4 ) 1 am(2, 2  ) [ 1 , 0 , 2 1 , 2 , 3 ]
R3 = r i n ( 2 , 1 2 , 4 ) 1 am(2 , 2  ) [ 1 , 2 , 3 1 , 0 , 4 ]
R4 = r i n ( 2 , 2  4 , 2 ) 1 am( 2 , 1 ) [ 1 , 0 , 4 1 , 1 , 5 ]
R 5 = r i n ( 2 , 2 4 , 2 ) 1 am(2 , 1 ) [ 1 , 1 , 5 1 , 0 , 6 ]
R6 = r i n ( 2 , 2 4 , 2 ) 1 am( 2 , 1 ) [ 1 , 0 , 6 1 , 1 , 7 ]
R7 = r i n ( 2 , 2  4 , 2 ) 1 am(2 , 1 ) [ 1 , 1 , 7 1 , 0 , 8 ]
R8 = r i n ( 2 , 2 4 , 2 ) 1 am( 2 , 1 ) [ 1 , 0 , 8 1 , 1 . 9 ]
R = RI # R2 # R3 # R4 # R5 # R6 # R7 # R8
WH = E # F # R
KI = 1 i b ( I = 1,  6 ) : [ 1 , 8 * 1 , 0 ;  1 , 0 , 0 ]
K2 = r i n ( 3 , 9 , 1 )  : [ 1 , 4 8 , 1 ;  1 , 0 , 1 ]
K = KI # K2
SD1 = nov(K) : WH
SD = pex : SD1
G = r a m( t a p ( 3 , 2 ) )  : SD
DI = di c(G)  : SD
D = r a s ( t a p ( 1 , 2 ) )  : DI
USE BS( 27.  083 3 , 7. 5,  7. 4867 )
DRAW SD Y
Where 27. 0833 i s  the radi us  o f  the dome in metres  and 7 . 5  
and 7. 4867 are angul ar  b a s i f a c t o r s  in degr ee s  f or  d i r e c t i o n s  
2 and 3.
S C H WE DL E R  DONE
CONFIGURATION SD1
Height to diameter ratio = 1/3 
Fig 1.5.1
178
SCHWEDLER DOME
ConFiguration SD1 
T Y P E  O F  E L E M E N T S
No. oF nodes = 307 
No. oF elements = 870
Diameter oF dome = 50.0 m 
Radius oF dome = 27.08 m
TYPE
No.
No. OF 
MEMBERS
LENGTH
m
1 18 2 .153
2 18 2.502.
3 21 2.70.1.
1 18 2 .807
5 ' 18 3.065.
G 18 3.270,
7 30 3.529
9 2G1 3., 536
9 12 3 .622
10 18 1.039
11 21 1_. 17G
12 18 1.230
13 12 1.373
11 18 1.119
IS 18 1 .591
1G 21 1.695
17 18 1.716
Fig 1.5.2
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4 . 5 . 3  LOAD CASES 
Co n f i g u r a t i o n  SD1
Four l oad c a s e s  were c o n s i d e r e d  f or  des i gn of  the  dome,  as 
shown in Fi gs  4 . 5 . 3  to  4 . 5 . 6 .  The amount o f  l oad on each 
node t o g e t h e r  wi th the  d e t e r mi n a t i o n  of  c o mbi nat i ons  o f  l oad  
c a s e s  are i l l u s t r a t e d  in t h e s e  f i g u r e s .
The r e s p e c t i v e  t o t a l  magni tude of  l oads  are 3931,  4248,  2490 
and 4134 kN f or  t he  l o a d  c a s e s  LA, LB,-LC and LD.
4 . 5 . 4  BOUNDARY CONDITIONS 
Co n f i g u r a t i o n  SD1
The dome i s  s upport ed on a l l  the boundary nodes ,  as  
d e s c r i be d  in Fig 4 . 5 . 7 .  In support  type  S2,  the  compl e te  
t r a n s l a t i o n a l  movements o f  a l l  the boundary nodes are  
c o n s t r a i n e d .  In support  t ype  S I ,  onl y 6 o f  them have 
compl e te  t r a n s l a t i o n a l  c o n s t r a i n t  and the r e s t  are onl y  
v e r t i c a l l y  s uppo r t e d .  N e v e r t h e l e s s ,  a l l  the  support  nodes  
are f r ee  to r o t a t e  in any d i r e c t i o n .
4 . 5 . 5  DESIGN 
Co n f i g u r a t i o n  SD1
The s i z e  of  the  s t e e l  t ubu l a r  members used f or  the dome wi th  
support  type SI v a r i e s  between 76 . 1  to 114 . 3  mm in d i ame t er ,  
with the t h i c k n e s s  var y i ng  between 3 . 2  to 3 . 6  mm. This  i s  
t rue  wi th t he  e x c e p t i o n  o f  the  s i x  r ib members,  which are 
next  to the compl e t e  t r a n s l a t i o n a l  c o n s t r a i n t s .  These  
members are d e s i g n e d  by a 139 . 2  mm di amet er  and 6 . 3  mm 
t h i c k ,  c i r c u l a r  ho l l ow s e c t i o n .  These d e t a i l s  o f  the  
members are shown in Fig 4 . 5 . 8 .
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The s t e e l  t ubes  forming the brac i ng  of  the dome wi th support  
type S2 have an o u t s i d e  di amet er  of  76.1 mm. ■ The wall  
t h i c k n e s s  o f  the t ubes  v a r i e s  accordi ng  to t h e i r  l o c a t i o n  
and s t r e s s ,  between 3 . 2  to 5 . 0  mm, as shown in Fig 4 . 5 . 9 .
The dome wi th support  type S2 i s  1. 1 N/m2 l i g h t e r  than the  
dome with support  type  S I .
4 . 5 . 6  CAPACITY CHECK
Co n f i g ur a t i o n  SD1
Fi gures  4 . 7 . 1 0  and 4 . 7 . 1 1  show the r a t i o s  o f  the  i n t e r na l  
f o r c e s  to t he  c a p a c i t i e s  o f  t he  members f or  l oad c as e  LB.
The r a t i o s  in the f i g u r e s  show t h a t  the d e s i g n  for each 
support  t y p e ,  i s  s a t i s f a c t o r y  f or  l oad c as e  LB.
The r a t i o s  o f  the i n t e r n a l  f o r c e s  to the c a p a c i t i e s  o f  
members,  under t he  o t he r  t h r e e  l oad c a s e s ,  for  support  t ypes  
SI and S2,  were p l o t e d .  Those p l o t s  a l s o  show t h a t  a l l  the  
i n t e r na l  f o r c e s  are wi t h i n  t he  c a p a c i t i e s  o f  t he  members in 
al l  c a s e s .
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SCHWEDLER DOME
Configuration SDI
L O A D  C A S E  LA
LA =  1 . 4  D L  +  1 .6 I L
DL = 0.10 kN^m2 on sphere
K e
IL = Im.Aep 
Im=0.75 kN/hi2 
Aep=Area on plan
IMPOSED LOAD
Fig 1.5.3
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SCHWEDLER DOME
ConFiguration SOI
LOAD CASE LB
LB = 1.4 DL + 1 .6  SL
DL = 0.10 kN/m2 on sphere
SL = U.Se.Aep 
Se=0.75 kN/m2 
Aep=Area on plan
SNOW LOAD
Fig 1.5.1
SCHWEDLER DOME
ConPiguration SD1
LOAD C A S E  L C
L C  =  1 . 4  DL +  1 . 4  WL
DL = 0.40 kN/m2 on sphere
' I f
B ^ ^ X ^
50 m
WL = Cpe.q.Aes
q=0.537 kN/m2 Cpe £  _J;J 
Aes=Area on sphere c= -8.2
W IN D  LOAD
SCHWEDLER DOME
ConPiguration SD1
LO A D  C A S E  LD
LD = 1 .2  DL + 1.2  SL + 1 .2  WL 
DL = 0.10 kN/m2 on sphere
,c • X
y 7, 50 m
WL = Cpe.q.Aes A= 0.0
q=0.537 kN/m2 Cpe 8= -1 .0 
Aes=Area on sphere c= -0.2
W IN D  L O A D
SL = U.Se.Aep 
Se=0.75 kN/m2 
Aep=Area on plan
SNOW LOAD
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SCHWEDLER DOME
ConPiguration SD1 
D E S I G N  O F  M E M B E R S
Support Type SI
Steel Circular Hollow Sections 
C S 1
D= 76.1 mm 
t=  3 .2  mm
D= 88 .9  mm 
t= 3 .2  mmC S 2  
C S 3  
C S 4
Weight « 115.8 N/m2
D= 111,3 mm 
t=  3 .6  mm
D= 139.7 mm 
t=  6 .3  mm
TYPE
No,
LENGTH
m
No. OF HEH8ERS 
WITH X-SECTION OF
CS1 CS2 CS3 CS1
1 2 .1 5 3 16
7 2 .5 0 2 18
3 2.701 21
■1 2 ,807 18
5 3 ,0 6 5 18
6 3 .270 1B
7 3 .5 2 9 6 21
8 3 .536 258 6
9 3 .622 12
10 1 .039 18
11 1 .176 21
12 1 .230 18
13 1 .373 12
11 1 .119 1B
15 1.591 18
16 1 .695 21
17 1.716 18
Fig 1.5.8
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SCHWEDLER DOME
ConPiguration SD1
D E S I G N  O F  M E M B E R S
Support Type S2 
Steel Circular Hollow Sections
p n i  I D= 7 6 . 1 mm
Ufa I I i= 3 .2  mm
p c o  | D= 76.1 mm _______l/OZ 11= 4^0 ro[!1 '
rco l D" 76,1 mm *==
I 1 = 5 . 0  mm
Weight = 111.7 N/m2
TYPE
No.
LENGTH
m
No. OP MEMBERS 
WITH X-SECTION OF
CS1 CS2 CS3
1 2 .1 5 3 18
2 2 .5 0 2 18 (
3 2.701 21
•1 2 .8 0 7 18
5 3 .0 6 5 18
6 3 .2 7 0 18
7 3 .5 2 9 21
■ 0 3 .5 3 6 120 111
9 3 .6 2 2 12
10 1 .0 3 9 18
11 1 .1 7 6 21
12 1 .230 18
13 1 .3 7 3 12
11 1 .119 18
15 1 .591 18
16 1 .6 9 5 21
17 1 .716 18
Fig 1.5.9
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SCHWEDLER DOME
ConPiguration SD1
CAPACITY CHECK 
Ratio oF the internal Force to the capacity oF member
Load Case LB 
Support Type S1
Fig 1.5.10
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II
SCHWEDLER DOME j
ConFiguration SD1
|
CAPACITY CHECK j
Ratio of the internal Force to the capacity oP member
Load Case LB
Support Type S2 I
Fig 4.5.11
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4 . 6  DISCUSSION OF RESULTS
C o n f i g u r a t i o n  SD1
R e s u l t s  o f  t h i s  c o n f i g u r a t i o n  have been d i s c u s s e d  f or  the  
two t y p e s  o f  s u p p o r t s ,  i . e .  SI and S2.  These r e s u l t s
i n c l u d e  member f o r c e s ,  nodal  d e f l e c t i o n s  and s upport
re ac t i  on s
4 . 6 . 1  The Study o f  Support  Type SI
(A) AXIAL FORCES
Co n f i g u r a t i o n  SD1 
Support  Type SI
The d i s t r i b u t i o n  o f  a x i a l  f o r c e s  in the dome,  f o r  the four  
l oad  c a s e s  are shown in Fi gs  4 . 6 . 1 . 1  to 4 . 6 . 1 . 4 .
In t h e s e  f i g u r e s ,  the  member ax i a l  f o r c e s  are  recorded al ong  
t he  c o r r e s p o n d i n g  members in the  form o f  c o e f f i c i e n t s .  A 
f a c t o r  i s  g i ven f or  each l oad c a s e .  The ax i a l  f o r c e  in the  
member can be o b t a i n e d  by m u l t i p l y i n g  the f a c t o r  wi t h the  
member c o e f f i c i e n t .  The d i s t r i b u t i o n  of  the f o r c e  can a l s o  
be a s s e s s e d  from t he  t h i c k n e s s  o f  l i n e  r e p r e s e n t i n g  a 
member.  A member i s  drawn accordi ng  to the magni tude o f  
f o r c e  in i t .
These f i g u r e s  show t h a t  the ax i a l  f o r c e s  in the 6 rib 
members,  which are n e x t  to t he  compl e te  t r a n s l a t i o n a l  
c o n s t r a i n t  nodes ,  are  3 . 6  to 4 . 5  t i mes  h i gher  than the  
maximum ax i a l  f o r c e  in r e s t  o f  t he  members.  Thi s  i s  t rue  
for  a l l  the l oad c a s e s .
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All  the  bot tom r i ng  members are c a r r y i n g  t e n s i l e  a x i a l  
f o r c e s .  The maximum t e n s i l e  f o r c e  i s  48% o f  the maximum 
c ompr e s s i v e  f o r c e ,  e x c e p t  f or  l oad c as e  LC, where the  
maximum t e n s i l e  f o r c e  i s  54% of  the maximum compre s s i ve  
f o r c e .
Al l  the members on four  bottom r i n g s  under l oad case  LA, and
two bottom r i ng  members under l oad c as e  LB are c a r r y i n g
t e n s i l e  ax i a l  f o r c e s .
The di agonal  members g e n e r a l l y  carry  compr e s s i v e  f o r c e s ,  
e x c e p t  t he  two members next  to the f u l l y  c o n s t r a i n e d  nodes ,  
which have t e n s i l e  f o r c e s .  The maximum t e n s i l e  f o r c e s  in 
di agonal  members are not  more than 37% o f  the maximum 
compr es s i ve  f o r c e s ,  f or  any load c a s e .
The maximum c o mp r e s s i v e  f o r c e  i s  481 kN under unsymmetri cal
snow l oad LB, .*
SCHWEDLER DOME
ConPiguration SD1
AXIAL FORCE COEFFICIENTS
Support Type S1
Load Case LA 
Factor = 3.70 kN
Fig 1-6.1.1
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SCHWEDLER DOME
ConPiguration SD1
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LB 
Factor = +.81 kN
Fig 1.6.1.2
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SCHWEDLER DOME
ConFiguration SD1
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LC 
Factor = 2.28 kN
Fig 1.6.1.3
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SCHWEDLER DOME
ConPiguration SD1
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LD 
Factor = 4.41 kN
Fig 1.6.1.1
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(B) DEFLECTIONS
Co n f i g u r a t i o n  SD1 
Support  Type SI
Fi gur es  4 . 6 . 1 . 5  to 4 . 6 . 1 . 8  show the nodal d e f l e c t i o n s  in the  
dome, for  four  l oad c a s e s
These f i g u r e s  show the d e f l e c t i o n  in the form of  c o n t o u r s
t o g e t h e r  wi th d o t s .  A dot  i s  drawn wi t h r e s p e c t  to the
amount o f  d e f l e c t i o n  o f  the correspond!* ng node.  Along each 
node a c o e f f i c i e n t  i s  a l s o  g i v e n  which can be used to obt a i n  
the d e f l e c t i o n  by m u l t i p l y i n g  i t  wi th the common f a c t o r .
The maximum d e f l e c t i o n  for  a l l  t he  l oad  c a s e s  i s  on the
t h i r d  r ing row from the apex.  The d e f l e c t i o n  on the apex
node,  i s  vary i ng  from 14% to 68% o f  t he  maximum d e f l e c t i o n  
for  d i f f e r e n t  l oad c a s e s .
The maximum d e f l e c t i o n  i s  2 5 . 3  mm and t h i s  i s  f or  l oad cas e  
LB. Thi s  smal l  d e f l e c t i o n  showed the high r i g i d i t y  o f  the  
dom e .
The nodes next  to f u l l y  c o n s t r a i n e d  po i nt  l i f t  21% to 30% of  
t he  maximum downward d e f l e c t i o n ,  under v a r i o u s  l oad  c a s e s .  
However,  the upward d e f l e c t i o n s  are small  and are not  
s i g n i f i c a n t .
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(C) SUPPORT REACTIONS 
Co n f i g u r a t i o n  SD1 
Support  t ype  SI
The d i s t r i b u t i o n s  o f  s uppor t  r e a c t i o n s  in the dome f or  the  
four  l oad  c a s e s  are d i s p l a y e d  in Fi gs  4 . 6 . 1 . 9  to 4 . 6 . 1 . 1 2 .
As the f i g u r e s  show,  the s upport  r e a c t i o n s  i n c r e a s e  r a p i d l y  
as  t hey  approach the t r a n s i  a t i o n a l 1y c o n s t r a i n e d  nodes .
The h o r i z o n t a l  r e a c t i o n s  on the v e r t i c a l  r e s t r a i n e d  support  
p o i n t s  are z e r o .
The dome has maximum v e r t i c a l  and ho r i z o n t a l  r e a c t i o n s  o f  
395 and 184 kN under t he  l oad  cas e  LB, which i s  a 
combi nat i on o f  dead and unsymmetri cal  snow l o a d .
The maximum r e a c t i o n s  f o r  l o a d  c a s e s  LB and LD are on the  
one s i d e  s u b j e c t e d  to the high i n t e n s i t y  o f  snow.
Load c a s e  LA produced symmetri cal  r e a c t i o n s ,  and l oad c as e  
LC produced s ma l l e r  r e a c t i o n s  than the o t h e r s .
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In a manner s i m i l a r  to s e c t i o n  4 . 6 . 1 ,  a x i a l  f o r c e s ,  
d e f l e c t i o n s  and s uppo r t  r e a c t i o n s  in t he  c o n f i g u r a t i o n  SD1 
of  the Schwedler  dome,  wi t h support  type . S2 are  d i s c u s s e d  
for  a l l  t he  l oad  c a s e s .
(A) Axial  Forces
Co n f i g u r a t i o n  SD1 
Support  Type S2
The maximum ax i a l  f o r c e  in the dome wi th s upport  type S2 i s  
4 to 5 t i mes  s ma l l e r  than t h o s e  wi th s upport  type  S I ,  for  
var i ous  l oad case  s .
All  the rib members are  c a r r y i n g  compr e s s i ve  a x i a l  f o r c e s ,  
Fi gs  4 . 6 . 2 . 1  to 4 . 6 . 2 . 4 .
The f o r c e s  in the bot tom r i ng members are z e r o ,  due to the  
compl e te  t r a n s l a t i o n a l  s uppor t  nodes .
The t e n s i l e  a x i a l  f o r c e s  are  g e n e r a l l y  in the members o f  the
two r i n g s  ne x t  to t he  bot tom r i ng  o f  t he  dome.  The maximum
t e n s i l e  f o r c e s  are  not  more than 44% o f  the maximum
c o mpr e s s i ve  f o r c e s ,  f or  a l l  the  l oad c a s e s  wi th the
e x c e p t i o n  o f  l oad  c a s e  LA. For load case  LA, the maximum
t e n s i l e  f o r c e  i s  62 to 63% o f  t he  maximum f o r c e .
The unsymmetrical  l oad c a s e s ,  i . e .  LB and LD, the maximum
f o r c e s  are 1 arger  than t he  o t h e r  two l oad  c a s e s  ( F i g s
4 . 6 . 2 . 1  and 4 . 6 . 2 . 4 ) .
The r e s p e c t i v e  maximum f o r c e s  are 75,  95,  57 and 94 kN f or  
the four  l oad c a s e s .
4 . 6 . 2  The S t u d y  o f  S u p p o r t  Type  S2
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SCHWEDLER DOME
ConFiguration SD1
A X IA L FORCE C O E F F IC IE N T S
Support Type S2
Load Case LA 
Factor = .75 kN
Fig 1.6.2,I
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SCHWEDLER DOME
ConPiguration SD1
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LB 
Factor = .95 kN
Fig 1.6.2.2
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SCHWEDLER DOME
Configuration SD1
A X IA L FORCE C O E F F IC IE N T S  
Support Type S2
Load Case LC 
Factor = .57 kN.
Fig U .2 .3
SCHWEDLER DOME
ConFiguration SD! 
AXIAL FORCE COEFFICIENTS
Support Type S2
Load Case LD 
Factor = .91 kN
Fig 1.6.2.1
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( B) Defl  e c t i o n s
Co n f i g ur a t i o n  SD1 
Support  Type S2
The maximum d e f l e c t i o n  f or  each l oad case  i s  on the t h i r d  
top r i ng  from t he  a p e x , ( s e e  Fi gs  4 . 6 . 2 . 5  to 4 . 6 . 2 . 8 ) .
The r e s p e c t i v e  d e f l e c t i o n s  o f  the  apex node are 66%, 54% and 
1% o f  t he  c o r r e s p o n d i n g  maximum d e f l e c t i o n  f or  l oad  c a s e s  
LA, LC and LD. Furt hermore ,  the apex node l i f t s  14% o f  the  
maximum d e f l e c t i o n  under l oad  c as e  LB.
For a l l  the l oad c a s e s  the  nodes  in the r i ng next  to the  
boundary r i ng  have a s l i g h t  upward d e f l e c t i o n s .  Thi s  i s  
true  wi th the e x c e p t i o n  o f  l oad c a s e s  LC and LD, where the  
nodes onl y  at  the windward and l eeward edge l i f t  v e r t i c a l l y  
on the second bottom r i n g .
The maximum l i f t  v a r i e s  between 13% to 17% of  the  maximum 
d e f l e c t i o n  under d i f f e r e n t  l oad  c a s e s .
The maximum d e f l e c t i o n  i s  17 . 1  mm and 17 . 3  mm, under l oad  
c a s e s  LA and LB, r e s p e c t i v e l y .
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(C) SUPPORT REACTIONS 
Con fi  g urat i  on SD1 
Support  t ype  S2
The d i s t r i b u t i o n  o f  the  support  r e a c t i o n s  in the dome wi th  
s upport  type  S2 i s  a l mos t  uni form,  Fi gs  4 . 6 . 2 . 9  to 4 . 6 . 2 . 1 2 .
The h o r i z o n t a l  r e a c t i o n s  on a l l  the support  p o i n t s  are  
d i r e c t e d  inward t he  s t r u c t u r e .  I t  f o l l o w s  t h a t  t he  dome i s  
under c o mpr e s s i v e  s t r e s s e s ,  which i s  obvi ous  from the  
dominance o f  c o mp r e s s i v e  f o r c e s  in most  o f  the  members.
The maximum v e r t i c a l  and h o r i z o n t a l  r e a c t i o n s  are  about  3 
t i mes  s mal l e r  than t h o s e  wi th support  type S I ,  for  a l l  the  
1oad c a s e s .
The maximum v e r t i c a l  r e a c t i o n  i s  134 kN under l oad case  LD. 
Though,  t he  maximum h o r i z o n t a l  r e a c t i o n  i s  67 kN under l oad  
cas e  LB.
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4 . 7  SCHWEDLER DOME : C o n f i g u r a t i o n  SD2
L a y o u t  a n d  S t r u c t u r a l  D e t a i l
4 . 7 . 1  S P E C I F I C A T I O N S
F i g u r e  4 . 7 . 1  s h o w s  t h e  c o n f i g u r a t i o n  SD2 o f  a S c h w e d l e r  d o m e  
w i t h  a 5 0  m d i a m e t e r  a n d  1 0  m d e p t h  f r o m  b o t t o m  r i n g  t o
c r o w n  a n d  a r a d i u s  o f  3 6 . 2 5  m.
T h e  s p h e r i c a l  s u r f a c e  i s  2 2 7 0  m2 ,  w h i c h  c o v e r s  a s u r f a c e  
a r e a  o f  1 9 6 3  m 2 .  S i m i l a r  t o  t h e  c o n f i g u r a t i o n  S D 1 ,  t h i s
d o m e  c o n s i s t s  o f  8 7 0  m e m b e r s  a n d  3 0 7  n o d e s .
T h e  t y p e  o f  t h e  m e m b e r s  a r e  d e s c r i b e d  i n  F i g  4 . 7 . 2 .  T h e  
m e m b e r s  a r e  c a t e g o r i s e d  i n  1 8  t y p e s  w i t h  r e s p e c t  t o  t h e i r  
l e n g t h s .  T h e  m e m b e r  l e n g t h s  v a r y  f r o m  1 . 9 4 6  m t o  4 . 3 7 0  m.  
T h e  m a j o r i t y  o f  m e m b e r s  i . e .  r i b  m e m b e r s ,  h a v e  t h e  s a m e  
l e n g t h .  G e n e r a l l y ,  t h e  r i n g  a n d  d i a g o n a l  m e m b e r  l e n g t h s
i n c r e a s e  a s  t h e  r i n g  g e t s  l o n g e r .  H o w e v e r  i n  a  r o w  b o t h  t h e
r i n g  a s  w e l l  a s  d i a g o n a l  m e m b e r s  h a v e  t h e  s a m e  l e n g t h .
4 . 7 . 2  DATA P R E P AR AT I ON 
C o n f i g u r a t i o n  SD2
T h e  f o r m e x  f o r m u l a t i o n  f o r  c o n f i g u r a t i o n  SD2  o f  t h e  
S c h w e d l e r  d o m e  i  s
E l  = r 1 n i t ( 6 , 9 , 8 , 1 )  : [ 1 , 0 , 0 ;  1 , 0 , 1 J
E2 = r i n i t ( 6 , 7 , 8 , l )  : [ 1 , 4 , 2 ;  1 , 4 , 3 J
E3  = r i n i t { 1 2 , 6 , 4 , l )  : [ 1 , 2 , 3 ;  1 ,  2 , 4  J
E4  = r i n i t ( 2 4 , 4 , 2 , l )  : [ 1 , 1 , 5 ;  1 , 1 , 6  J
E = E l  #  E2  # E3  # E4
F I  = r  i  n ( 2 , 6 , 8  ) : [ 1 , 0 , 1 ;  l , 8 , l j
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F2  -  r  i  n ( 2 , 1 2  j 4 )  : [ 1 , 0 , 2 ;  1 , 4 , 2 ]
F 3  = r i  n i  t ( 2 4 , 2 , 2 , 1 )  : [ 1 , 0 , 3 ;  1 , 2 , 3 ]
F 4  = r i n i  t ( 4 8 , 5 , 1 , 1 )  : [ 1 , 0 , 5 ;  1 , 1 , 5 ]
F = F I  #  F 2  # F 3  # F 4
R l  = r i n { 2 , 6 , 8 )  : l a m ( 2 , 4 )  : [ 1 , 0 , 1 ; 1 , 4 , 2 ]
R2  = r  i  n ( 2 , 1 2 , 4 ) 1 a m ( 2 , 2  ) [ 1 , 0 , 2 1 , 2 , 3 ]
R 3 = r  i  n ( 2 , 1 2 , 4 ) 1 a m ( 2  , 2 ) [ 1 , 2 , 3 1 , 0 , 4 ]
R4  = r  i  n ( 2 , 2  4 , 2 ) 1 a m ( 2 , 1 ) [ 1 , 0 , 4 1 , 1 , 5 ]
R5  = r i n ( 2 , 2 4 , 2 ) 1 am ( 2 , 1 ) [ 1 , 1 , 5 1 , 0 , 6 ]
R6 = r i n ( 2 , 2 4 , 2 ) 1 a m ( 2 , 1 ) [ 1 , 0 , 6 1 , 1 , 7 ]
R7 = r  i  n ( 2 , 2  4 , 2  ) 1 a m ( 2 , 1 ) [ 1 , 1 , 7 1 , 0 , 8 ]
R8 = r  i  n ( 2 , 2  4 , 2  ) 1 a m ( 2 , 1 ) [ 1 , 0 , 8 1 , 1 , 9 ]
R = R l  # R2  # R3  # R4  # R5  # R6 # R7 # R8
WH = E # F # R
KI  = 1 i b ( I = 1 , 6  ) : [ 1 , 8 * 1 , 0 ;  1 , 0 , 0 ]
K2 = r  i  n ( 3 , 9 , 1 )  : [ 1 , 4 8 , 1 ;  1 , 0 , 1 ]
K = KI  # K2
SD1  = n o v ( K )  : WH
SD = p e x  : SD1
G = r  a m ( t a p ( 3 , 2 ) )  : SD
DI  = d i c ( G )  : SD
D = r a s ( t a p ( 1 , 2 ) )  : DI
USE B S ( 3 6 . 2 5 ,  7 . 5 ,  4 , 8 4 4 8 )
DRAW SD
W h e r e  3 6 . 2 5  i s  t h e  r a d i u s  o f  t h e  d o m e  i n  m e t r e s  a n d  7 . 5  a n d  
4 . 8 4 4 8  a r e  a n g u l a r  b a s i f a c t o r s  i n  d e g r e e s  f o r  d i r e c t i o n s  2 
a n d  3 .
S C H W E D L E R  DOME
CONFIGURATION SD2
Height to  diameter r a t io  = 1/5 
Fig 1.7.1
S CH WE DL E R DOME
ConFiguration SD2 
TYPE OF ELEMENTS
No. oF nodes = 307 
No. oF e lem ents * 870
Diameter oF dome = 50 .0  m 
Radius oF dome » 3S.25 m
TYPE
No.
No. OF 
MEMBERS
LENGTH
m
1 18 1 .916
2 18 2.301
3 21 2.375
. 1 10 2.616
5 18 2.968
6 6 3.062
7 251 3.061
8 21 3.110
9 12 3.158
10 18 3.270
11 18 3.529
12 21 3.629
13 18 3.725
11 12 3.791
15 18 3.935
IS 21 1.105
17 18 1.152
18 18 1.370
F ig  1.7.2
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4 . 7 . 3  LOAD CAS ES  
C o n f i g u r a t i o n  SD2
T h e  d o m e  w e r e  a n a l y s e d  u n d e r  f o u r  l o a d  c a s e s  s h o w n  i n  F i g s
4 . 7 . 3  t o  4 . 7 . 6 .
T h e  m a g n i t u d e  a n d  d i s t r i b u t i o n  o f  l o a d s  f o r  e a c h  n o d e  a n d  
t h e  d e t e r m i n a t i o n  o f  c o m b i n a t i o n  o f  l o a d s  a r e  d e s c r i b e d  i n  
t h e  f i g u r e s .
T h e  t o t a l  l o a d s  a r e  3 6 2 1  , 4 0 2 0 ,  2 1 0 9  a n d  3 8 0 9  kN f o r  t h e  
l o a d  c a s e s  LA,  L B,  LC a n d  L D .
4 . 7 . 4  BOUNDARY C O N D I T I O N S  
C o n f i g u r a t i o n  S D2
T h e  t w o  t y p e s  o f  b o u n d a r y  c o n d i t i o n s  a r e  s h o w n  i n  F i g  3 . 7 . 7 .  
T h e  f i g u r e  a l s o  s h o w s  t h e  t y p e  o f  t h e  s u p p o r t  f o r  e a c h  
b o u n d a r y  n o d e .  T h e  s u p p o r t  n o d e s  a r e  c o n s i d e r e d  t o  b e  f r e e  
t o  r o t a t e  i n  a n y  d i r e c t i o n .
4 . 7 . 5  DES I GN 
C o n f i g u r a t i o n  SD2
T h e  s t e e l  t u b e s  f o r m i n g  t h e  b r a c i n g  o f  t h e  d o m e  w i t h  s u p p o r t
t y p e  S I  h a v i n g  t h e  s i z e  w h i c h  v a r y  b e t w e e n  7 6 . 1  mm t o  1 3 9 . 7
mm i n  d i a m e t e r ,  a n d  t h i c k n e s s  o f  3 . 2  mm t o  8 . 0  mm,  a c c o r d i n g  
t o  t h e i r  l e n g t h s  a n d  s t r e s s e s ,  F i g  4 . 7 . 8 .
T h e  d o m e  w i t h  s u p p o r t  t y p e  S 2  h a v e  b e e n  d e s i g n e d  b y  t h r e e
d i f f e r e n t  s i z e s  o f  m e m b e r s .  F i g u r e  4 . 7 . 9  s h o w s  t h e  
d i a m e t e r s  a n d  t h e  t h i c k n e s s e s  o f  t h e  t u b e s .
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T h e  u n i t  d e a d  w e i g h t  o f  t h e  s t e e l  s t r u c t u r e  i s  1 2 1 . 1  N / m 2  
a n d  9 7 . 6  N / m2  f o r  s u p p o r t  t y p e  S I  a n d  S 2 ,  r e s p e c t i v e l y .
4 . 7 . 6  C AP A C I T Y  CHECK
C o n f i g u r a t i o n  SD2
T h e  d e s i g n  o f  t h e  m e m b e r s  f o r  b o t h  s u p p o r t  t y p e s  h a v e  b e e n
c h e c k e d  f o r  e a c h  a n a l y s i s ,  a n d  t h e  s a m p l e s  o f  t h e  c a p a c i t y
c h e c k e s  a r e  s h o w n  i n  F i g s  4 . 7 . 1 0  a n d  4 . 7 . 1 1 .
T h e  f i g u r e s  s h o w  t h a t  t h e  d e s i g n  o f  t h e  m e m b e r s  a r e
s a t i s f a c t o r y  f o r  a l l  t h e  s u p p o r t  t y p e s  a n d  l o a d  c a s e s .
3.3----- . 1>9--- —  3.3'
S CH WE DL E R DOME
C onFiguration  SD2
LOAD CASE LA 
LA = 1.4 DL + 1.6 IL
DL = 0.10 kN/m2 on sphere
IL = Im.Aep 
Im=0.75 kN/n\2 
Aep=Area on plan
IMPOSED LOAD
F ig  1.7.3
SC HW ED L ER  DOME
ConPiguration SD2
LOAD CASE LB
LB = 1.4 DL + 1.6 SL
DL = 0.40 kN/m2 on sphere
25 ro L 25 n
* III U
SL = U.Se.Aep 
Se=0.75 kN/n2 
Aep=Area on plan
SC HW ED L ER  DOME
ConFiguration  SD2
LOAD CASE LC 
LC = 1.4 DL + 1.4 WL
DL s 0.10 kN/n2 on sphere
WL = Cpe.q.Aes 
q-0.537 kN/m2 
Aes=Area on sphere
Cpe
A= -0.15 
B= -0.75 
C= -0.20
F ig  1.7.5
WIND LOAD
l \ l / i \ i y < l P r \ / \ r \ / \ / \ 7 ' T \ \
M 25.0---- 11.0---- IB.3------ 7.3------10.7------ 7.5------ 12.3------ 11.0------  7.8------ 10.0------ 10.1------ 6.0------11 / * \ l /  l \ l /  I3—  5.5----- 13.3----  7.B----17.5---- 1
\  /■ 8-e—a.
\  /’^ i3>3— \  / / 1 
- « < T / \  /•‘s / c 1
S CH WEDL ER  DOME
C onFiguration  SD2
LOAD CASE LD
LD -  1 .2 DL + 1.2 SL + 1 .2  WL 
DL = 0.10 kN/m2 on sphere
WL = Cpe.q.Aes 
q=0.537 kN/m2 Cpe 
Aes=Area on sphere
W IN D  L O A D
A* -0.13 
B= -0.73 
C= -0.20
SL = U.Se.Aep 
Se-0.75 kN/m2 
Aep=Area on plan
SNOW LO A D
F ig 1.7.6
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S C HW EDL ER  DOME
ConPiguration SD2
DESIGN OF MEMBERS 
Support Type SI
Steel C ircu lar Hollow Sections 
CS1 Q= 76.1 nm 1= 3 ,2  mm
CS2
CS3
CS4
D= 8 8 .9  nm 
1= 3 .2  mm
D= 111.3 mm 
t=  5 .0  mm
D= 139.7 mm 
t=  8 ,0  mm
Weight = 121.1 N/m2
F ig  1.7.8
TYPE
No.
LENGTH
m
No. OF MEHBERS 
WITH X-SECTION OF
CS1 CS2 CS3 CS1
1 1 .946 18
2 2.301 18
3 2.375 21
1 2 .616 18
5 2.968 18
6 3.062 6
7 3.061 120 138 6
8 3.110 21
9 3.158 12
10 3.270 18
11 3.523 18
12 3.623 21
13 3.725 18
11 3.791 12
15 3.935 18
IS 1.105 21
17 1.152 18
18 >  M V ' 19
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S CHWEDLER DOME
ConPiguration SD2
DESIGN OF MEMBERS 
Support Type S2
Steel C ircu lar Hollow Sections 
rq  1 1 78 *1
3 .2  mm
D= 88.9  mm 
i=  3 .2  ram = = = = =
D= 11-1.3 mm 
t=  3 .6  mm
Weight = 37 .6  N/m2
TYPE
No.
LENGTH
m
No. OF MEMBERS 
WITH X-SECTION OF
CS1 CS2 CS3
1 1 .316 18
2 •2.301 18
3 2.375 21
1 2,616 10
5 2.968 10
6 3.062 6
7 3.061 120 111
8 3.110 21
9 3.158 12
18 3.270 18
11 3.529 18
12 3.629 21
13 3.725 18
11 3.791 12
15 3.935 18
16 1.105 21
17 1.152 18
19 1.370 L5Z
F ig  1.7.9
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SCHWEDLER DOME
ConPiguration SD2
CAPACITY CHECK
Ratio oP the internal Force to the capacity oF member
Load Case LA 
Support Type St
F ig  1.7.10
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SCHWEDLER DOME
Configuration SD2
CAPACITY CHECK 
Ratio of the internal force to the capacity of member
Load Case LA 
Support Type S2
F ig 1.7.11
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4 . 8  D I S C U S S I O N  OF R E S U L T S
C o n f i g u r a t i o n  S D 2
T h e  m e m b e r  f o r c e s ,  n o d a l  d e f l e c t i o n s  a n d  s u p p o r t  r e a c t i o n s  
a r e  o b t a i n e d  f r o m  p i n - c o n n e c t e d  a n a l y s i s  o f  t h e  S c h w e d l e r  
d o m e  f o r  t h e  f o u r  l o a d  c a s e s  a n d  w i t h  t w o  t y p e s  o f  s u p p o r t s .  
T h e s e  r e s u l t s  a r e  r e p r e s e n t e d  g r a p h i c a l l y  a n d  a d i s c u s s i o n  
o f  t h e  f o r c e s ,  d e f l e c t i o n s  a n d  s u p p o r t  r e a c t i o n s  i s  m a d e  
b e l o w .
4 . 8 . 1  T h e  S t u d y  o f  S u p p o r t  T y p e  S I
( A )  AXI AL  F ORCES
C o n f i g u r a t i o n  SD2  
S u p p o r t  t y p e  S I
F i g u r e s  4 . 8 . 1 . 1  t o  4 . 8 . 1 . 4  s h o w  t h e  d i s t r i b u t i o n  o f  a x i a l  
f o r c e s  i n  t h e  d o m e  f o r  t h e  f o u r  l o a d  c a s e s  w i t h  s u p p o r t  t y p e  
S I .  T h i s  d i s t r i b u t i o n  o f  f o r c e  i s  s h o w n  i n  t h e  f o r m  o f  
c o e f f i c i e n t s  r e c o r d e d  a l o n g  l e n g t h s  o f  t h e  c o r r e s p o n d i n g  
m e m b e r s .  T h e  v a l u e  o f  a m e m b e r  f o r c e  c a n  b e  o b t a i n e d  b y  
m u l t i p l y i n g  t h e  c o e f f i c i e n t  o f  a m e m b e r  w i t h  t h e  g i v e n  
f a c t o r  o n  e a c h  f i g u r e .  A l s o ,  t h e  t h i c k n e s s  r e p r e s e n t i n g  a 
m e m b e r  i s  p r o p o r t i o n a l  t o  t h e  m a g n i t u d e  o f  t h e  f o r c e  i n  i t .
T h e  c o m p r e s s i v e  a x i a l  f o r c e  i n  a m e m b e r  c a n  b e  i d e n t i f i e d  b y  
a n e g a t i v e  s i g n  p r e c e e d i n g  i t  c o e f f i c i e n t .  I n  a d d i t i o n ,  t h e  
m e m b e r s  w i t h  c o m p r e s s i v e  f o r c e  a r e  r e p r e s e n t e d  b y  f i r m  l i n e s  
a s  a g a i n s t  d o t t e d  l i n e s  f o r  t h e  p l o t t i n g  o f  t h e  m e m b e r  w i t h  
t e n s i l e  a x i a l  f o r c e s .
The c o n c e n t r a t i o n  o f  a x i a l  f o r c e s  i s  in t he  members  n e a r  t h e
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f u l l y  t r a n s l a t i o n a l  s u p p o r t  n o d e s .  T h i s  i s  p a r t i c u l a r l y  
t r u e  f o r  t h e  c o m p r e s s i v e  t y p e  o f  f o r c e .  T h e  m a x i m u m  f o r c e s  
i n  a l l  t h e  f o u r  l o a d  c a s e s  a r e  o f  c o m p r e s s i v e  t y p e  a n d  t h e y  
a r e  i n  t h e  r i b  m e m b e r s  n e x t  t o  t h e  c o m p l e t e l y  t r a n s l a t i o n a l  
s u p p o r t  n o d e s .
T h e  t e n s i l e  f o r c e s  a r e  m a i n l y  p r o d u c e d  i n  t h e  o u t e r m o s t  
r i n g .  H o w e v e r ,  t h e y  a r e  n o t  l a r g e r  t h a n  4 3% o f  t h e  m a x i m u m  
f o r c e  i n  a n y  c a s e .  A l t h o u g h  t h e  e x t e n t  o f  t e n s i l e  f o r c e s  i s  
u p  t o  t h e  s e c o n d  a n d  t h i r d  r i n g  f r o m  t h e  b o t t o m  r i n g ,  t h i s  
i s  l i m i t e d  t o  a f e w  m e m b e r s  a r o u n d  t h e -  f u l l y  c o n s t r a i n e d  
s u p p o r t s .  s i m i l a r l y ,  t h e  d i a g o n a l  m e m b e r s  a r o u n d  t h i s  t y p e  
o f  s u p p o r t  n o d e s  h a v e  c o n s i d e r a b l e  t e n s i l e  f o r c e s .  T h e
m a g n i t u d e  o f  t h e s e  f o r c e s  i s  n o t  m o r e  t h a n  41 % i n  a n y  c a s e .
I t  f o l l o w s  t h a t  t h e  f o r c e s  i n  a l l  t h e  m e m b e r s  i n  t h e  c e n t r a l  
z o n e  o f  t h e  d o m e  a r e  r e l a t i v e l y  n e g l i g i b l e .  A l s o ,  t h e
f o r c e s  i n  c e n t r a l  z o n e  a r e  o f  t h e  c o m p r e s s i v e  t y p e .
T h e  m a x i m u m  f o r c e  i s  7 4 6  kN f o r  t h e  l o a d  c a s e  L B .  F u r t h e r ,  
t h e  d i s t r i b u t i o n  o f  m e m b e r  f o r c e s  f o l l o w s  t h e  p a t t e r n  o f  
l o a d  a p p l i c a t i o n s .  I t  f o l l o w s  t h a t  t h e  m e m b e r s  u n d e r  
r e l a t i v e l y  h e a v i e r  l o a d i n g  h a v e  t o  r e s i s t  l a r g e r  f o r c e s  t h a n
t h o s e  o n  t h e  o t h e r  s i d e  o f  t h e  d o m e .
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Configuration SD2
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LA 
Factor = 6.03 kN
Fig 1.8.1.1
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ConPiguration SD2
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LB 
Factor = 7.46 kN
F ig  1.8.1.2 "
* -6
2-10
SCHWEDLER DOME
Configuration SD2
AXIAL FORCE COEFFICIENTS
Support Type S1
Load Case LC 
Factor =3.55 kN
F ig  1.8.1.3
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ConPiguration SD2
AXIAL FORCE COEFFICIENTS
Support Type SI
Load Case LD 
Factor = 6.91 kN
F ig  1.8.1.1
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( B )  D E F L E C T I O N S
C o n f i g u r a t i o n  SD2 
S u p p o r t  T y p e  S I
T h e  d e f l e c t i o n s  a r e  r e p r e s e n t e d  b y  c o n t o u r  l i n e s  a n d  a l s o ,  
i n  t h e  f o r m  o f  d o t s ,  a s  d i s p l a y e d  i n  F i g s  4 . 8 . 1 . 5  t o  
4 . 8 . 1 . 8 .
T h e  n o d a l  d e f l e c t i o n s  i n  c o n f i g u r a t i o n  SD2  a r e  l a r g e r  t h a n  
t h o s e  i n  c o n f i g u r a t i o n  S D 1 .
T h e  m a x i m u m  d e f l e c t i o n  i s  o n  t h e  t h i r d  r i n g  f r o m  t h e  a p e x  
f o r  l o a d  c a s e  LA.  H o w e v e r ,  f o r  t h e  o t h e r  l o a d  c a s e s  t h e  
m a x i m u m  d e f l e c t i o n  i s  o n  t h e  t h i r d  r i n g  f r o m  t h e  b o u n d a r y  
r i n g .
T h e  m a x i m u m  d e f l e c t i o n  i s  4 4 . 3  mm,  u n d e r  l o a d  c a s e  LB.  T h e  
r e s p e c t i v e  m a x i m u m  d e f l e c t i o n  a r e  3 4 . 8 ,  2 1 . 6  a n d  4 2 . 3  f o r  
l o a d  c a s e s  LA,  LC a n d  LD.
T h e  n o d e s  n e x t  t o  t h e  f u l l y  c o n s t r a i n e d  p o i n t  l i f t  b y  
m a x i m u m  u p  t o  3 9 % ,  2 7 % ,  3 7 % a n d  2 5 % f r o m  t h e  m a x i m u m
d o w n w a r d  d e f l e c t i o n  f o r  l o a d  c a s e s  LA,  LB,  LC a n d  LD 
r e s p e c t i v e l y .
T h e  d e f l e c t i o n s  i n  o n e  s i d e  o f  t h e  d o m e  u n d e r  l o a d  c a s e s  LB 
a n d  LD a r e  l a r g e r  t h a n  t h o s e  o n  t h e  o t h e r  s i d e .  I t  
i n d i c a t e s  t h a t  t h e  d e f l e c t i o n s  h a v e  f o l l o w e d  t h e  p a t t e r n  o f  
t h e  a p p l i c a t i o n  o f  l o a d s .
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( C )  S U P P O R T  R E A C T I O N S  
C o n f i g u r a t i o n  SD2  
S u p p o r t  t y p e  S I
T h e  s u p p o r t  r e a c t i o n s  o f  t h e  c o n f i g u r a t i o n  SD2 o f  S c h w e d l e r  
d o m e  w i t h  s u p p o r t  t y p e  S I  a r e  r e p r e s e n t e d  g r a p h i c a l l y  a s  
s h o w n  i n  F i g s  4 . 8 . 1 . 9  t o  4 . 8 . 1 . 1 2 .
T h e  h o r i z o n t a l  r e a c t i o n s  i n  c o n f i g u r a t i o n  S D2  a r e  m o r e  t h a n
3 t i m e s  l a r g e r  t h a n  t h o s e  i n  c o n f i g u r a t i o n  S D 1 .  S o ,
c o n f i g u r a t i o n  S D1  i s  s t i f f e r  t h a n  c o n f i g u r a t i o n  S D 2 .
As  t h e  f i g u r e s  s h o w  t h a t  t h e  v e r t i c a l  r e a c t i o n s  o n  t h e  f u l l y
c o n s t r a i n e d  n o d e s  a r e  a b o u t  1 0  t i m e s  l a r g e r  t h a n  t h e  m a x i m u m  
v e r t i c a l  r e a c t i o n  o n  t h e  o t h e r  s u p p o r t  p o i n t s .
T h e  h o r i z o n t a l  r e a c t i o n s  o n  t h e  n o d e s  w h i c h  a r e  v e r t i c a l l y  
s u p p o r t e d  a r e  z e r o .  T h e  d i s t r i b u t i o n  o f  v e r t i c a l  r e a c t i o n s  
i s  a l m o s t  u n i f o r m  o n  t h e s e  n o d e s .
T h e  m a x i m u m  v e r t i c a l  a n d  h o r i z o n t a l  r e a c t i o n s  a r e  4 8 0 ,  5 4 1
k N u n d e r  l o a d  c a s e  L B .
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T h e  a x i a l  f o r c e s ,  n o d a l  d e f l e c t i o n s  a n d  s u p p o r t  r e a c t i o n s  i n
t h e  c o n f i g u r a t i o n  S D2  o f  t h e  S c h w e d l e r  d o m e ,  w i t h  t h e
s u p p o r t  t y p e  S 2  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n  f o r  a l l  t h e  
l o a d  c a s e s .
(A ) AXI AL F ORCES
C o n f i g u r a t i o n  S D2  
S u p p o r t  t y p e  S 2
T h e  d i s t r i b u t i o n  o f  a x i a l  f o r c e s  i n  t h e  c o n f i g u r a t i o n  SD2  o f
t h e  S c h w e d l e r  d o m e ,  w i t h  s u p p o r t  t y p e  S 2  a r e  s h o w n  i n  F i g s
4 . 8 . 2 . 1  t o  4 . 8 . 2 . 4 .
T h e  f i g u r e s  s h o w  t h a t  a l l  t h e  m e m b e r s  a r e  c a r r y i n g
c o m p r e s s i v e  a x i a l  f o r c e s  u n d e r  t h e  f o u r  l o a d  c a s e s .  T h e
s t r e s s  d i s t r i b u t i o n  i s  a l m o s t  u n i f o r m .  T h e  a x i a l  f o r c e s  i n  
t h e  m e m b e r s  c o n n e c t i n g  t w o  c o n s e c u t i v e  s u p p o r t  n o d e s  a r e  
z e r o .
T h e  m a x i m u m  a x i a l  f o r c e  i n  t h e  d o m e  w i t h  s u p p o r t  t y p e  S 2  i s  
a b o u t  7 t i m e s  s m a l l e r  t h a n  t h o s e  w i t h  t h e  s u p p o r t  t y p e  S I .
T h e  m a x i m u m  a x i a l  f o r c e  i s  o n  t h e  b o t t o m  r o w  r i b  m e m b e r s  f o r  
l o a d  c a s e  L A,  b u t  t h e  m a x i m u m  a x i a l  f o r c e  u n d e r  l o a d  c a s e s  
LB a n d  LD i s  i n  t h e  b o t t o m  r o w  o f  d i a g o n a l  m e m b e r s .
T h e  b e h a v i o u r  o f  t h e  d o m e  u n d e r  l o a d  c a s e s  LB a n d  LD a r e
a l m o s t  t h e  s a m e  b u t  t h e  m a x i m u m  a x i a l  f o r c e  i n  l o a d  c a s e  LB
i s  l a r g e r  t h a n  t h e  m a x i m u m  a x i a l  f o r c e  i n  l o a d  c a s e  LD.  T h e  
a x i a l  f o r c e s  f o r  l o a d  c a s e  LC i s  s m a l l e r  t h a n  t h e  o t h e r  
t h r e e  l o a d  c a s e s .
T h e  m a x i m u m  a x i a l  f o r c e  f o r  l o a d  c a s e  LA,  LB,  LC a n d  LD a r e  
8 3 ,  1 1 4 ,  5 3  a n d  1 0 0  k N r e s p e c t i v e l y .
4 . 8 . 2  The St udy  o f  S u p p o r t  Type S2
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Configuration SD2
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LA 
Factor = .83 kN
F ig  1 .8 .2 .1
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ConFiguration SD2
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LB 
Factor = 1. H kN
F ig  1.8.2.2
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ConFiguralion SD2
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LC 
Factor = .53 kN
F ig  1.8.2.3
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Configuration SD2 
AXIAL FORCE COEFFICIENTS
Support Type S2
Load Case LD 
Factor = 1.00 kN
F ig  1.8.2.1
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( B )  D E F L E C T I O N S
C o n f i g u r a t i o n  SD2  
S u p p o r t  T y p e  S 2
F i g u r e s  4 . 8 . 2 . 5  t o  4 . 8 . 2 . 8  s h o w  t h e  d e f l e c t i o n  d i a g r a m s  f o r  
t h e  f o u r  l o a d  c a s e s .
T h e  d o m e  u n d e r  l o a d  c a s e s  LB a n d  LD h a s  a n  u p w a r d  d e f l e c t i o n  
a t  t h e  a p e x  e q u a l  t o  4 5 % a n d  2 1 % ,  r e s p e c t i v e l y ,  o f  t h e  
m a x i m u m  d e f l e c t i o n .  •
F o r  l o a d  c a s e s  LA a n d  LC s o m e  o f  t h e  n o d e s  o n  t h e  r i n g  n e x t  
t o  t h e  b o u n d a r y  r i n g  h a v e  a  s l i g h t  u p w a r d  d e f l e c t i o n s .  L o a d  
c a s e  LA p r o d u c e s  s y m m e t r i c a l  d e f l e c t i o n s .  T h e  d e f l e c t i o n s  
i n  l o a d  c a s e  LC a r e  s m a l l e r  t h a n  t h o s e  f o r  o t h e r  l o a d  c a s e s .
T h e  d e f l e c t i o n s  o n  o n e  s i d e  o f  t h e  d o me  u n d e r  l o a d  c a s e s  LB 
a n d  LD i s  l a r g e r  t h a n  t h o s e  o n  t h e  o t h e r  s i d e ,  b e c a u s e  o f  
t h e  u n s y m m e t r i c a l  l o a d i n g .
T h e  m a x i m u m  d o w n w a r d  d e f l e c t i o n  f o r  l o a d  c a s e s  LA,  LB a n d  LD 
i s  a l m o s t  t h e  s a m e ,  i . e  2 4 . 0 ,  2 5 . 0  a n d  2 4 . 6  mm.  F o r  l o a d  
c a s e  LC t h e  m a x i m u m  d e f l e c t i o n  i s  1 3 . 7  mm,  w h i c h  i s  
s i g n i f i c a n t l y  s m a l l e r  t h a n  t h e  o t h e r s .
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( C )  S UP P OR T  R E A C T I O N S  
C o n f i g u r a t i o n  S D2  
S u p p o r t  t y p e  S 2
T h e  d i s t r i b u t i o n  o f  s u p p o r t  r e a c t i o n s  i n  - t h e  c o n f i g u r a t i o n  
SD2  o f  S c h w e d l e r  d o m e ,  w i t h  s u p p o r t  t y p e  S 2  a r e  s h o w n  i n  
F i g s  4 . 8 . 2 . 9  t o  4 . 8 . 2 . 1 2 .
T h e  f i g u r e s  s h o w  t h a t  t h e  h o r i z o n t a l  r e a c t i o n s  o n  a l l  t h e  
s u p p o r t s  p o i n t s  a r e  d i r e c t e d  i n w a r d  t h e  d o m e .
T h e  m a g n i t u d e  o f  t h e  h o r i z o n t a l  r e a c t i o n s  i n  t h i s  
c o n f i g u r a t i o n  i s  g e n e r a l l y  l a r g e r  t h a n  t h e  v e r t i c a l
r e a c t i o n s .  I t  c a n  b e  a t t r i b u t e d  t o  t h e  s h a l l o w  d e p t h  o f
c o n f i g u r a t i o n S D 2 .
T h e  a p p l i c a t i o n  o f  l o a d  c a s e s  LB a n d  LD,  b e c a u s e  o f  t h e  h i g h  
i n t e n s i t y  o f  s n o w  l o a d  o n  o n e  s i d e  o f  t h e  s t r u c t u r e ,  
p r o d u c e s  u n s y m m e t r i c a l  r e a c t i o n s .  H o w e v e r ,  t h e  r e a c t i o n s  o n  
t h e  d o m e  u n d e r  l o a d  c a s e  LD a r e  g e n e r a l l y  s m a l l e r  t h a n  t h o s e  
u n d e r  1 o a d  c a s e  L B .
L o a d  c a s e  LA p r o d u c e s  s y m m e t r i c a l  r e a c t i o n s .  T h e  r e a c t i o n s
f o r  l o a d  c a s e  LC w h i c h  i s  a c o m b i n a t i o n  o f  d e a d  a n d  w i n d  
l o a d s ,  a r e  s m a l l e r  t h a n  t h e  o t h e r  t h r e e  c a s e s .
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4 . 9  CONCLUDI NG D I S C U S S I O N
I n  t h e  p r e v i o u s  s e c t i o n s ,  m e m b e r  f o r c e s ,  n o d a l  d e f l e c t i o n s  
a n d  s u p p o r t  r e a c t i o n s  o f  t h e  d o me  f o r  b o t h  t h e  
c o n f i g u r a t i o n s  w i t h  t w o  t y p e s  o f  s u p p o r t s  h a v e  b e e n  
d i s c u s s e d .  T h i s  s e c t i o n  s u m m a r i z e s  t h e  c o n c l u s i o n s  d r a w n  
a b o v e  a n d  d i s c u s s e s  t h e  s a l i e n t  p o i n t s .
T h e  m a x i m u m  a x i a l  f o r c e s  a n d  m a x i m u m  v e r t i c a l  d i s p l a c e m e n t s  
i n  b o t h  t h e  c o n f i g u r a t i o n s  f o r  t h e  f o u r  l o a d  c a s e s  a n d  t w o  
b o u n d a r y  c o n d i t i o n s  a r e  r e c o r d e d  i n  T a b l e  4 . 1 0 . 1  ( i n  s e c t i o n  
4 . 1 0 ) .  T h e  c o m p a r i s o n  o f  f o r c e  i n  t h e  d o m e  w i t h  t w o  t y p e s  
o f  s u p p o r t s  i s  m a d e  i n  F i g s  4 . 9 . 1  t o  4 . 9 . 8 .  T h e  v a l u e  o f  
t h e  a x i a l  f o r c e s  r e l a t e s  t o  t h e  t h i c k n e s s  o f  t h e  l i n e  
r e p r e s e n t i n g  e a c h  m e m b e r .  T h e  a x i a l  f o r c e  i n  a m e m b e r  c a n  
a l s o  b e  o b t a i n e d  b y  d i r e c t l y  m u l t i p l y i n g  t h e  v a l u e  s h o w n  
a l o n g  t h e  m e m b e r ,  w i t h  t h e  f a c t o r  g i v e n  i n  t h e  d i a g r a m .
T h e  d e f l e c t i o n s  f o r  t h e  t w o  c o n f i g u r a t i o n s  w i t h  t w o  t y p e s  o f  
s u p p o r t s  h a v e  b e e n  i l l u s t r a t e d  i n  t h e  f o r m  o f  d e f l e c t i o n  
c u r v e s  f o r  t h e  f o u r  l o a d  c a s e s ,  F i g s  4 . 9 . 9  a n d  4 . 9 . 1 0 .
T h e  c o n f i g u r a t i o n  S D 1 ,  w h i c h  h a s  a  r e l a t i v e l y  g r e a t e r  r i s e ,  
d e f l e c t  l e s s  t h a n  t h e  c o n f i g u r a t i o n  S D 2 ,  d e s p i t e  t h e  f a c t  
t h a t  t h e  l o a d i n g  i n  a l l  t h e  f o u r  c a s e s  a r e  c o m p a r a t i v e l y  
l a r g e r .  S i m i l a r l y ,  t h e  f o r c e s  i n  t h e  c o n f i g u r a t i o n  SD1 a r e  
c o n s i d e r a b l y  s m a l l e r  t h a n  t h e  o t h e r s .  F u r t h e r m o r e ,  t h e  
h o r i z o n t a l  r e a c t i o n s  i n  c o n f i g u r a t i o n  SD1 i s  s i g n i f i c a n t l y  
s m a l l e r  o f  t h o s e  i n  c o n f i g u r a t i o n  S D 2 .  I t  f o l l o w s  t h a t  t h e  
r i g i d i t y  o f  t h e  s t r u c t u r e  i n c r e a s e s  w i t h  t h e  i n c r e a s e  o f  t h e  
s t r u c t u r a l  h e i g h t .
T h e  m a j o r i t y  o f  m e m b e r s  i n  b o t h  t h e  c o n f i g u r a t i o n s  h a v e  
c o m p r e s s i v e  f o r c e s  f o r  a l l  t h e  f o u r  l o a d  c a s e s  w i t h  t h e  t w o  
t y p e s  o f  t h e  s u p p o r t s .  T h e  c o n s e n t r a t i o n s  o f  f o r c e s  i n  c a s e
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o f  t h e  s u p p o r t  t y p e  S I  a r e  i n  t h e  m e m b e r s  m a i n l y  n e a r  t h e  
t r a n  s i  a t i o n a l 1 y  c o n s t r a i n e d  n o d e s .
T h e  s t r e s s  d i s t r i b u t i o n  i n  t h e  d o m e  s h o w s  t h a t  m o s t  o f  t h e  
m e m b e r s  a r e  c a r r y i n g  c o m p r e s s i v e  a x i a l  f o r c e s ,  w h i l s t  t h e  
e x t e n t  o f  t e n s i l e  a x i a l  f o r c e s  i s  l i m i t e d  t o  t h e  a r e a  n e a r  
t h e  s u p p o r t s .  F u r t h e r ,  t h e  m a x i m u m  t e n s i l e  f o r c e  f o r  a n y  
l o a d  c a s e  i s  n o t  m o r e  t h a n  5 4% o f  t h e  m a x i m u m  c o m p r e s s i v e  
f o r c e s  .
As  t h e  T a b l e  4 . 1 0 . 1  s h o w s  t h a t  f o r  t h e  s u p p o r t  t y p e  S I  t h e  
m a x i m u m  a x i a l  f o r c e s  i n  c o n f i g u r a t i o n  S D2  a r e  55% t o  63% 
m o r e ,  f o r  d i f f e r e n t  l o a d  c a s e s ,  t h a n  t h o s e  i n  c o n f i g u r a t i o n  
S D 1 .  H o w e v e r ,  f o r  s u p p o r t  t y p e  S 2 ,  t h e  m a x i m u m  a x i a l  f o r c e s  
i n  b o t h  c o n f i g u r a t i o n s  a r e  a l m o s t  t h e  s a m e .
T h e  r e d u c t i o n  i n  d e f l e c t i o n s  o f  t h e  d o m e ,  w i t h  s u p p o r t  t y p e  
S I ,  f o r  c o n f i g u r a t i o n  SD1  c o m p a r e d  w i t h  c o n f i g u r a t i o n  S D 2 ,  
v a r i e s  f r o m  31% t o  4 3 % ,  f o r  d i f f e r e n t  l o a d  c a s e s .
T h e  m a x i m u m  d e f l e c t i o n s  f o r  s u p p o r t  t y p e  S2  i n  c o n f i  g u r a t i  o n  
SD 1 a r e  s l i g h t l y  s m a l l e r  t h a n  t h o s e  i n  c o n f i g u r a t i o n  S D 2 .
F o r  b o t h  c o n f i g u r a t i o n s  w i t h  t h e  s u p p o r t  t y p e  S I ,  t h e  
c o m p r e s s i v e  a x i a l  f o r c e s  a r e  f o u n d  t o  i n c r e a s e  r a p i d l y  a s  
t h e y  a p p r o a c h  t h e  s u p p o r t s  w h i c h  h a v e  c o m p l e t e  t r a n s l a t i o n a l  
r e s t r a i n t .  F u r t h e r m o r e ,  t e n s i l e  f o r c e s  a r e  f o u n d  t o  b e  
d o m i n a n t  i n  t h e  m e m b e r s  n e a r  t h e  s u p p o r t s  h a v i n g  o n l y  
v e r t i c a l  c o n s t r a i n t s .
H o w e v e r ,  t h e  s t r e s s  d i s t r i b u t i o n  f o r  r e s t  o f  t h e  m e m b e r s  i n  
t h e  d o m e  i s  a l m o s t  u n i f o r m  a n d  m u c h  s m a l l e r  t h a n  f o r  t h e  
m e m b e r s  n e a r  t h e  s u p p o r t s .
For  s u p p o r t  t ype  S2,  t h e  c o n c e n t r a t i o n  o f  f o r c e s  in t he
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m e m b e r s  n e a r  t h e  s u p p o r t s  i s  r e l a t i v e l y  l e s s  s e v e r e ,  a n d  t h e  
r e s u l t i n g  s t r e s s  d i s t r i b u t i o n  i n  t h i s  c a s e  i s  a l m o s t  
u n i f o r m .  T h e  m a x i m u m  a x i a l  f o r c e s  f o r  s u p p o r t  t y p e  S 2  i s  
o n l y  25% o f  t h o s e  f o r  b o u n d a r y  c o n d i t i o n  S I ,  T a b l e  4 . 1 0 . 1 .
T h e  d o m i n a n c e  o f  m e m b e r  f o r c e s  n e a r  t h e  s u p p o r t s  f o r  s u p p o r t  
t y p e  S I ,  i s  t h e  d i r e c t  r e s u l t  o f  t h e  l a t e r a l  d i s p l a c e m e n t s  
a t  t h e  v e r t i c a l  r e s t r a i n t  p o i n t s .  C o n s e q u e n t l y ,  t h e  a x i a l  
f o r c e s  i n  t h e  m e m b e r s  c o n n e c t i n g  t w o  c o n s e c u t i v e  c o m p l e t e  
t r a n s l a t i o n a l  c o n s t r a i n t  f o r  s u p p o r t  t y p e  S 2 ,  a r e  z e r o .
I n  b o t h  c o n f i g u r a t i o n s  t h e  a p p l i c a t i o n  o f  l o a d  c a s e  LA,  
w h i c h  i s  t h e  c o m b i n a t i o n  o f  d e a d  a n d  i m p o s e d  l o a d s ,  p r o d u c e s  
s y m m e t r i c a l  s t r e s s  d i s t r i b u t i o n s .
I n  l o a d  c a s e  L B ,  b e c a u s e  o f  t h e  h i g h  i n t e n s i t y  o f  s n o w  
l o a d i n g  o n  o n e  s i d e  o f  t h e  s t r u c t u r e ,  t h e  f o r c e s  i n  t h e  
m e m b e r s  a r e  l a r g e r  t h a n  t h o s e  o f  t h e  o t h e r  s i d e .  T h e  
m a x i m u m  a x i a l  f o r c e s  o n  o n e  s i d e  o f  t h e  d o m e  i s  30% l a r g e r  
t h a n  t h e  f o r c e s  o n  t h e  o t h e r  s i d e  o f  t h e  d o m e .
T h e  s u p p o r t  r e a c t i o n s  i n  p a r t  o f  t h e  d o m e  w h i c h  i s  u n d e r  
h i g h e r  i n t e n s i t y  o f  s n o w  l o a d ,  f o r  l o a d  c a s e  LB i s  1 a r g e r  
t h a n  t h o s e  o n  t h e  o t h e r  s i d e ,  f o r  b o t h  c o n f i g u r a t i o n s .
T h e  h o r i z o n t a l  r e a c t i o n s  i n  c o n f i g u r a t i o n  S D2  a r e  a b o u t  3 
a n d  2 t i m e s  o f  t h o s e  o n  c o n f i g u r a t i o n  S D 1 ,  f o r  s u p p o r t  t y p e s  
S I  a n d  S 2  r e s p e c t i v e l y .  T h e  o p p o s i t e  i s  t r u e  f o r  t h e  
v e r t i c a l  r e a c t i o n s  w h i c h  a r e  g e n e r a l l y  s m a l l e r  i n  
c o n f i g u r a t i o n  S D 2 .
T h e  m a x i m u m  v e r t i c a l  a n d  h o r i z o n t a l  r e a c t i o n s  a r e  u n d e r  l o a d  
c a s e s  LB a n d . L D ,  f o r  t h e  b o t h  c o n f i g u r a t i o n s  a n d  s u p p o r t s  
t y p e s .
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T h e  i n f l u e n c e  o f  t h e  t w o  b o u n d a r y  c o n d i t i o n s  o n  t h e  s t r e s s  
d i s t r i b u t i o n  i n  t h e  d o m e  f o r  t h e  o t h e r  t w o  l o a d  c a s e s  i s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  t o  t h e  f i r s t  t w o  c a s e s .
H o w e v e r ,  b o t h  t h e  m e m b e r  f o r c e s  a n d  . r e s u l t i n g  n o d a l  
d e f l e c t i o n s  f o r  l o a d  c a s e  LC a r e  s i g n i f i c a n t l y  s m a l l e r  t h a n  
t h o s e  f o r  t h e  o t h e r  t h r e e  l o a d  c a s e s .
T h e  b e h a v i o u r  o f  t h e  d o m e  u n d e r  l o a d  c a s e  LD d o e s  n o t  d i f f e r
s i g n i f i c a n t l y  f r o m  t h a t  o f  l o a d  c a s e  L B.
T h e  d o m e  i s  s u b j e c t e d  t o  t h e  m a x i m u m  d e f l e c t i o n  u n d e r  l o a d  
c a s e  L B.
T h e  d o me  w i t h  s u p p o r t  t y p e  S I  l i f t s  v e r t i c a l l y  n e a r  t h e
f u l l y  t r a n s l a t i o n a l  c o n s t r a i n t  p o i n t s  b e t w e e n  3 . 2  t o  1 3 . 6  
mm.  I n  s u p p o r t  t y p e  S 2 ,  t h e  d o m e  w i t h  c o n f i g u r a t i o n  SD2  
l i f t s  1 1 . 3  a n d  5 . 2  mm f o r  l o a d  c a s e s  LB a n d  LD,
r e s p e c  t i  v e l  y .
T h e '  c o m p a r i s o n  o f  d e f l e c t i o n s  i n  b o t h  c o n f i g u r a t i o n s ,  f o r  
f o u r  l o a d  c a s e s  t h r o u g h  t h e  s y m m e t r i c a l  d i a m e t e r ,  ( w i t h  
r e s p e c t  t o  e a c h  l o a d  c a s e ) ,  h a v e  b e e n  i l l u s t r a t e d  i n  F i g s
4 . 9 . 9  a n d  4 . 9 . 1 0  f o r  c o n f i g u r a t i o n s  SD1  a n d  S D 2 ,  
r e s p e c t i v e l y .  I n  e a c h  c a s e ,  t h e  d e f l e c t i o n s  a r e  o b t a i n e d  
f r o m  t h e  n o d e s  l y i n g  o n  t h e  s y m m e t r i c a l  d i a m e t e r .
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T h e  m a x i m u m  a x i a l  f o r c e s  a n d  m a x i m u m  v e r t i c a l  d i s p l a c e m e n t s  
i n  b o t h  c o n f i g u r a t i o n s  f o r  t h e  f o u r  l o a d  c a s e s  a n d  t w o  
b o u n d a r y  c o n d i t i o n s  a r e  t a b u l a t e d  i n  T a b l e  4 . 1 0 . 1 .
4 . 1 0  CONCLUSIONS
SCHWEDLER DOME
Load
Case
C o n F i g u r a t i o n  SD1 C o n F i g u r a t i o n  SD2
Support Tgpe SI Support Tgpe S2 Support Type SI Support Tgpe S2
Maximum
AXIAL
FORCE
kN
Maximum
DEFLECTION
mm
Maximum
AXIAL
FORCE
KN
Maximum
DEFLECTION
mm
Maximum
AXIAL
FORCE
kN
Maximum
DEFLECTION
mm
Maximum
AXIAL
FORCE
kN
Maximum
DEFLECTION
mm
LA -370 2 3 .9 - 7 5 17.1 -8 0 3 3 1 .8 - 8 3 2 1 .0
LB -181 2 5 .3 - 3 5 17 .3 -7 1 8 1 1 .3 -1 1 1 2 5 .0
LC -228 1 3 .8 -5 7 3 . 5 -3 5 5 21 .8 - 5 3 1 3 .7
LD -111 2 1 .2 -3 1 18 .7 -831 1 2 .3 -1 0 0 2 1 .6
Weight 1 15 .8  N/m2 1 1 1 .7  N/m2 121.1 N/m2 3 7 .6  N/m2
COMPARISON DF STRESS DISTRIBUTION AND DEFLECTION
Table 1.10.1
F r o m  t h e  s t r e s s  d i s t r i b u t i o n s ,  n o d a l  d e f l e c t i o n s  a n d  s u p p o r t  
r e a c t i o n s ,  t h e  f o l l o w i n g  p o i n t s  c a n  b e  c o n c l u d e d :
1 -  T h e  c o n f i g u r a t i o n  S D1  s h o w s  a m o r e  r i g i d  b e h a v i o u r  t h a n  
t h a t  o f  c o n f i g u r a t i o n  S D 2 .  T h a t  i s  t o  s a y ,  t h e  l a r g e r  
h e i g h t  t o  d i a m e t e r  r a t i o  r e s u l t s  i n  a s t i f f e r  d o m e .
2 -  T h e  s u p p o r t  a r r a n g e m e n t  t y p e  S 2  r e s u l t s  i n  a  r e l a t i v e l y  
u n i f o r m  s t r e s s  d i s t r i b u t i o n  a n d  i n c r e a s e s  t h e  r i g i d i t y  o f  
t h e  d o m e  s i g n i f i c a n t l y  a s  c o m p a r e d  w i t h  s u p p o r t  t y p e  S I .
3 -  T h e  m e m b e r  a x i a l  f o r c e s  f o r  t h e  u n s y m m e t r i c a l  s n o w  l o a d  
a r e  f o u n d  t o  b e  c r i t i c a l .
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4 -  T h e  m a x i m u m  d e f l e c t i o n  i n  t h e  d o m e  o c c u r r e d  u n d e r  l o a d  
c a s e  L B .
5 ~  I n  b o t h  c o n f i g u r a t i o n s ,  w i t h  t w o  t y p e s  o f  s u p p o r t s  a n d  
v a r i o u s  l o a d  c a s e s  t h e  m a x i m u m  d e f l e c t i o n s  a r e  s i g n i f i c a n t l y  
s ma l  1 .
6 -  I n  b o t h  c o n f i g u r a t i o n s ,  w i t h  s u p p o r t  t y p e  S I ,  t h e  
v e r t i c a l  a n d  h o r i z o n t a l  s u p p o r t  r e a c t i o n s  f o r  f u l l y  
c o n s t r a i n e d  s u p p o r t s  a r e  c o n s i d e r a b l y  h i g h .
7 ~  T h e  w e i g h t  p e r  s q u a r e  m e t r e  f o r  c o n f i g u r a t i o n  S D1  i s  n o t  
m u c h  d i f f e r e n t  f o r  t h e  t w o  s u p p o r t  t y p e s .  H o w e v e r ,  f o r  
c o n f i g u r a t i o n  S D2  t h e  d o m e  w i t h  s u p p o r t  t y p e  S I  i s  2 3 . 5  N / m2  
h e a v i e r  t h a n  t h e  d o m e  w i t h  s u p p o r t  t y p e  S 2 .
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5
THREE-WAY GRID 
DOMES
5.1 INTRODUCTION
Three-way g r i d  domes are f requent l y  used in many European 
cont r i e s .  There are several  recent  examples of  braced 
tubular  steel  domes b u i l t  in t h i s  con f i gura t i on  by the 
French des i gner ,  Stephane du Chateau.
The three-dimens ional  system introduced by S. du Chateau 
and known as the SDC system, was developed for  the s p e c i f i c  
app l i c a t i on ,  a steel  t ubul ar  dome of 42 m diameter,  cover ing  
an e l e c t r i c  power s t a t i o n .  This  project  led to a whole 
ser i es  of s t r uc t u r e s ,  f requent l y  s i m i l a r  in t he i r  l ayout  and 
using the same ba s i c  p r i n c i p l e  of s i n g l e - l a y e r  welded 
tubular  cons t r uc t i on .
This  space system, f i r s t  i ntroduced in 1958 in France, .has 
been used subsequent ly  for  numerous r e a l i z a t i o n s ,  conf i rming  
i t s  techni ca l  and ar ch i t ec tura l  q u a l i t i e s .  I t  i s  
character i zed  by the use of
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(a) a steel  tube as the main s t ructura l  component;
(b) a p re f abr i ca t ed  node connector as the base of  
the system;
(c) arc welding appl ied to the assembly of  a l l  
component par t s .
The node connector  i s  made up of two s l i g h t l y  curved par t s ,  
which superimposed and provide a complete uni t  with s ix  
c i r c u l a r  apertures  to a l l ow the connect ion of s ix tubul ar  
members at the same nodal point .  The tubul ar  components can 
be adjusted l o n g i t u d i n a l l y  wi thin cer ta i n  l i m i t  s imply by 
s l i d i n g  into the node; at the same time, the connector  
al lows a cer t a i n  amount of  angular  adjustment,  permi t t i ng  a 
gradual  change of  the curvature of  the sur face of  the dome. 
This freedom to po s i t i on  the bars  i s  one of the most 
important  c h a r a c t e r i s t i c s  of  the node. In e f f e c t ,  for  
shal low domes, a l l  the bars  can be cut to the same length  
and on penetrat ion into the node the s l i g h t  d i f f e r ences  in 
length requi red can be acommodated wi thout any problem. At 
the same time, the small  angular  changes requi red by the 
spher ical  sur face can be obtained using the same type of  
connector .
These two c h a r a c t e r i s t i c s - p e n e t r a t i o n  and angular  adjustment  
permit the absorpt i on of  a l l  the geometr ical  deformation of  
the space framework. They al l ow the des i gner  to produce 
var i ous  three-dimens ional  sur faces  whose r i g i d i t y  i s  
provided through the cont inuous t r i a n g u l a t i o n  of  framework,  
Ref 1.
Thi s  chapter conta i ns  a d i s cus s i on  of three-way gr i d  domes 
( sec t i on  5.2) ,  data generat ion ( sec t i on  5.3) and a n a l y s i s  
and design ( s ec t i on  5.4) .  A descr i p t i on  of  c o n f i g u r a t i o n  
TW1 of  the three-way g r i d  dome in sect i on 5.5, fol l owed by 
the r e s u l t s  of  c on f i g u r a t i o n  TW1 in sect i on 5.6. The
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d e t a i l s  of  c o n f i g u r a t i o n  TW2 i s  given in sect i on 5.7,  and 
i t s  r e s u l t s  are d i s cus sed  in sect i on 5.8. The concluding  
d i s c u s s i on  of  the behaviour  of  the three-way g r i d  dome, and 
the conc l us i ons  are given in sect i ons  5.9 and 5.10,  
re s pec t i v e l y .
5.2 DISCUSSION ON THE THREE-WAY GRID METHOD
The great  v i r t ue  of  geodes i c  dome i s  that  the v a r i a t i o n  in 
l ength of  t he i r  component members i s  qui te smal l .  In the 
three-way g r i d  s u b d i v i s i o n ,  the v a r i a t i o n  in l ength i s  even 
smal ler  than that  in the geodesic  dome.
Thi s  r e s u l t s  in a r eg u l a r  network and l eads  to s u b s t a n t i a l l y  
uniform s t r e s s  d i s t r i b u t i o n  in al l  the members of  the dome 
under the appl i ed l oa d i n g .
However, both the s u b d i v i s i o n s  i . e .  geodesic and three-way  
g r i d  domes, a l so  have a d i sadvantage;  in p r ac t i ce ,  the 
geodesic geometry near the base has to be modi f ied i f  the 
s t ructure  has to r e s t  on a hor i zonta l  base r i n g .  I f  t h i s  
happens, then the j o i n t s  along the base r ing have to be 
adjusted as well  as the l ength of  the i n f i l l i n g  members in 
the lower part  of  the dome.
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5.3 DATA GENERATION FOR THREE-WAY GRID DOMES
The mapping of s t r uc t u r a l  system onto the sur face of  a 
sphere in t h i s  p a r t i c u l a r  method i s  achieved by pro jec t i ng  
l i ne s  from any chosen observat i on  point  through the 
s t ructura l  system and onto the sur face of  the sphere.
The pre-projected s t ruc tur a l  system i s  represents  by formex 
algebra.  The formex formulat i on represents  the t opo l og i ca l  
propert i es  of the given, c on f i g u r a t i o n .  The geometric  
proper t i es  ( the coor d i na te s  of  the nodal point s  with respect  
to the chosen coordinate  system) are spec i f i ed  separate l y .
Figure 5.3.1 shows an example of  a simple s t ruc tura l  system.
U2
A
7 - 
6 - 
5 ■ 
4 
3 
2 
1
J I I 1 L - ^ .  U1
1 2 3 4 5 6
Fig 5.3.1
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The formex formulat i on for  the con f i gura t i on  i s  represented  
by
E l  = (11,2; 3 , 2J , [3,2;  3,4J, [3,4;  2,4J, [2,4;  1 , 2J )
E2 = ( [2,4;  3 ,4] ,  [3,4;  3,6] ,  [3,6;  2,4])
E = El  # E2
F = pex : 1am(1, 3) : E
5.3.1 GEOMETRIC PARTICULARS
Figure 5.3.2 shows the reference frame as a three
dimensional  Car tes i an  coordinate system. The centre o f  the 
sphere, point  S, i s  represented by the coordinates  xs,  y s ,  
zs. The o r i g i n  of  pro jec t i on  l i n e s ,  point  0, i s  represented
by the coord i nates  xo, yo,  zo. The formex point s
represent ing  the s t ruc tura l  system nodal po int s  are 
i d e n t i f i e d  as x l ,  y l ,  z l .  The projected points  on the 
sphere sur face are the unknown point s  x, y,  z.
The centre of  the dome, the o r i g i n  of  the project i on  l i n e s
and the formex formulat i on are a l l  s pec i f i ed  as t opo l og i ca l  
points .  Al so s pec i f i ed  are the sca le f ac tor s  to convert  the 
t opo l og i ca l  po int s  to geometric coordinates .  The th i r d
dimension,  the z va lue,  i s  automat i ca l l y  taken care of  by
s pec i f y i ng  the r ad i u s  (or  r a d i i )  o f  the dome (or  domes).
For the purpose of  double l ayer  g r i des ,  both the top and 
bottom l ayer  r a d i i  must be s pec i f i ed .  These are i d e n t i f i e d  
in the formex formulat i on by the U3 value of  e i ther  0 or 1
to i nd i ca te  top or bottom l ayer  r e s pec t i ve l y .
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Fig 5.3.2
5.3.2 GENERAL PROCEDURE
The unkown point  P on the sphere surface with coord i nates  x, 
y,  z i s  obtained by equat ing the equat ions  of  the s t r a i g h t  
l i n e  0 U P and the sphere with centre S and radius  R.
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The two point s  form o f  the equat ion of  a s t r a i g h t  l i n e  i s
( x - x o ) / ( x l - xo)  = ( y - y o ) / ( y l - y o ) = ( z - z o ) / ( z l - z o )  (a)
The equat ion o f  a sphere of  r ad ius  R i s
x * * 2  + y * * 2  + z**2 = R**2 
with centre at  the o r i g i n  
and
( x - x s ) * * 2  + ( y - y s )**2 + ( z - z s ) * * 2  = R**2 (b)
with centre at S.
From (a) s ubs t i t u t e  x for  y and z into (b)
y = ( ( x - x o ) * ( y l - y o ) / ( x l - x o ) ) + yo 
z = ( ( x - x o ) * ( z l - z o ) / ( x l - x o )) + zo
(b) becomes
( x - x s ) * * 2  + [ ( ( x - x o ) . ( y l - y o ) / ( x l - x o )+yo)) + y s ] * * 2  + 
[ ( { x - x o ) . ( z l - z o ) / ( x l - xo ) +zo )  ) + z s ] * * 2  (c)
To solve for x, the above express ion i s  def ined as 
quadrat i c  equat ion.
(c)  becomes
(1x - a )**2 + (mx-b)**2 + (nx- c ) * *2  = R**2 (c)
where
1 = 1 
a = xs
m = ( y l - y o ) / ( x l - x o )
b = [ ( x o . ( y l - y o ) / ( x l - x o ) ) - yo + ys ]
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n = ( z l - z o ) / ( x l - x o )
c = [ ( xo . ( z l - z o ) / ( x l - x o )) - ZO + Z S  ]
Expanding (c) we obtain
1 * * 2  . x* * 2  + a* * 2  - 2 . 1  . a . x +
m* * 2  . x* * 2  + b* * 2  - 2 .m.b.x +
n**2 . x**2 + c**2 - 2.m.c.x = R**2
i . e .  ( 1 * * 2+m* * 2  + n* * 2  ) . x* * 2  + ( - 2 . 1 . a - 2 .m. b- 2 . n . c ) . x 
+ ( a**2 + b**2 + c**2 - R**2)  = 0
which s imp!i  f i e s  to
Al . x**2 + A2 . x + A3 = 0 (d)
so l v i ng  for  x
x = ( -A2 + ( A2**2 - 4 . A l . A 3 ) * * l / 2 ) / 2 . A l
or
x = ( - A2 - ( A2**2 - 4 . A l . A 3 ) * * l / 2 ) / 2 . A l
y and z can now be solved by s u b s t i t u t i n g  into equat ion (a)
The above express i on represents  the general  procedure for  
obta ining  the requi red coordinates  of points  on a sphere.
Thi s  procedure for  the c a l c u l a t i o n  of  the geometric  
coordinates  may be implemented in a computer program. The 
program would take the form of a subrout ine which in turn 
would be accepted by Formian, the main computer program 
which deal s  with formex al gebra.
The subrout ine wi l l  t r an s f e r  a l l  s p e c i f i c a t i o n s  as input
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data through i t s  arguments which in t h i s  case i nc l udes  the 
f o l 1 owi n g :
1 . I n n e r r a d i u s
2 . x s , X c o o r d i n a t e o f s p h e r e  c e n t r e  '
3. y s , y c o o r d i n a t e o f s p h e r e  c e n t r e
4. z s  , z c o o r d i n a t e o f s p h e r e  c e n t r e
5. X O  , X c o o r d i  n a t e o f o b s e r v a t i o n  p o i n t
6 . y o , y c o o r d i  n a t e 0 f o b s e r v a t i o n  p o i n t
7. z o , z c o o r d i  n a t e o f o b s e r v a t i o n  p o i n t
8 . s x , X s e a l  e  f a c t o r
9. s y , y scale f ac tor
1 0 . Outer radius
To i n i t i a t e  the procedure contained in the subrout ine,  which 
wi l l  be named "MINE" ,  s imply type in
USE MINE (1, 2, 3, 4, 5, 6 , 7, 8 , 9, 10)
The return values  wi l l  be the values  of  the geometric  
coordinates  of  the formex formulat ion on the surface of  a 
sphere. For a v i sua l  check, the projected formex can be 
drawn on a VDU screen on the command DRAW F, F represent i ng  
the o r i g i n a l  formex formulat i on.
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5.4 STRUCTURAL ANALYSIS AND DESIGN
In an attempt to determine the approximate s ize of  the 
members, LUSAS system based on the f i n i t e  element s t i f f n e s s  
method was used assuming uni formaly d i s t r i bu t ed  load case LA 
and unsymmetrical  l oad case LB, and pin-connected j o i n t s .
Having obtained the member forces ,  design was done by 
cons i der i ng  the minimum number of  var i ous  c r o s s - s e c t i o n a l  
area of the members.
Using the approximat ions  s ize of  the members, an exact  
l i n e a r  e l a s t i c  a n a l y s i s  o f  the ske leta l  s t ructure  was 
car r i ed out under the four load cases .  The r e s u l t s  of  each 
ana l y s i s  were checked for  both the t e n s i l e  capac i t y  and 
compression r e s i s t a n c e .
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5.5 THREE-WAY GRID DOME : Con f i gur a t i on  TW1
Layout and s t ruc t u r a l  d e t a i l s
5.5.1 SPECIFICATIONS
The dome c o n s i s t s  of  a s i n g l e - l a y e r  f u l l y  t r i a n g u l a t e d  
three-way gr id  of  spher i ca l  shape, Fig 5.5.1.
The dome has a diameter of  50 m, a radius  of curvature of  
27 .08 m and a r i s e  of 16.66 . m. Therefore,  the
hei ght - to-d i ameter  r a t i o  i s  1/3.
The surface area i s  2365 m2, which covers an area of  1755 
m2 .
The lengths  of the members d i f f e r  s l i g h t l y ,  depending on 
the i r  l oca t i on,  Fi g 5.5.2.  The 756 members are d i v i ded into  
47 types according to t he i r  l eng ths .  The maximum length i s  
3.678 m and the minimum length  i s  2.943 m. There are 
a l together  271 nodes.
5.5.2 DATA PREPARATION 
Conf i gura t i on  TW1
The formex formulat i on used to generate the data i s  
• *
E11 = ( [9,0,0;  11,0,0] ,  [11,0,0;  10,1,0] ,  [10,1,0;  9 ,0,0] )  
E22=([9,0,0;  10,1,0] ,  [10,1,0;  8,1,0] ,  [8 ,1,0;  9 ,0 ,0] )
El  = 1 i b (J = 0, 8 ) : r i  n (1, J+9, 2 ) : t r a n i d ( - J , J) :E11  
E2 = 1i b (J =0, 8 ) : r i  n (1, J + 10, 2) : t r a n i d ( - J , 0) :E22  
E = E1 # E 2 
TW11 = pex : E
T H R E E - W A Y  G R I D  DOME
CONFIGURATION TW1
Height to diameter ratio = 1/3
Fig 5.5.1
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THREE-WAY GRID DOME
ConFiguration TW1 
TYPE OF ELEMENTS
No. oF nodes - 271 
No. oF elements = 756
Diameter oF dome = 50.0 m 
Radius oF dome = 27.08 m
Fig 5.5.2
TYPE No. OP LEN6TH
No. MEMBERS ■
1 6 2 .9 1 3
2 12 2 .9 1 7
3 12 2 .3 5 9
A 12 2 .3 6 2
5 12 3 .0 1 9
6 12 3 .0 5 2
7 12 3 .0 5 9
0 12 3 .8 7 2
3 12 3 .8 9 1
10 12 3 .1 3 0
11 18 3 .1 5 3
12 12 3 .1 5 9
13 12 3 .1 7 2
11 12 3 .1 9 1
13 12 3 .2 2 9
16 21 3 .2 1 0
17 12 3 .2 1 9
10 12 3.261
13 12 3 .2 8 3
20 18 3 .3 1 2
21 21 3 .3 1 7
22 12 3 .3 2 1
23 12 3 .3 3 7
21 12 3 .3 5 9
23 36 3 .3 7 6
26 12 3 .3 8 7
27 12 3 .3 9 7
2S 12 3 .1 0 2
23 30 3 .1 2 1
30 21 3 .131
31 12 3 .1 3 6
32 12 3 .1 5 0
33 36 3 .1 6 8
31 21 3 .1 6 6
33 12 3 .1 7 5
36 51 3 .1 8 2
37 12 3 .1 8 9
36 36 3 .1 9 3
39 IB 3.501
10 6 3 .5 1 6
11 36 3 .5 2 3
12 6 3 .5 1 5
13 12 3.561
11 12 3 .5 7 7
13 6 3 .5 9 1
16 12 3 .6 2 7
17 6 3 .6 7 8
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TW = pex : l a m ( 2 ,9 )  : TW11 
G = ram ( t a  p ( 2 , 1 )) : TW 
DI = dic(G)  : TW 
D = r a s ( t a p ( 2 , 1)) : DI
USE MINE(1, 18,9,0,  18,9, -54.1666,  1.1852,2.0528 ,27.0833)  
DRAW TW
where MINE i s  the program descr ibed in sect ion 5.3.
5.5.3 LOAD CASES
Confi  g ur at i  on TW1
The des ign of four load cases  and the amount of  l oads  in
each nodes are shown in Fi gs  5.5.3 to 5.5.6.  The
determinat ion of  imposed, unsymmetrical  snow, wind and the
combinat ion of  snow and wind l oads  are i l l u s t r a t e d  in the 
fi  g u r e s .
The respect i ve  total  magnitude of  l oads  are 3430, 3664, 2163 
and 3609 for the load cases  LA, LB, LC and LD,
5.5.4 BOUNDARY CONDITIONS 
Conf i gura t i on  TW1
The dome i s  supported on al l  the boundary nodes, as shown in 
Fig 5.5.7.  In support  type S2, the complete t r a n s l a t i o n a l  
movement of  a l l  the boundary nodes are cons t r a i ned.  In 
support  type S I ,  only 6 o f  them have complete t r a n s l a t i o n a l  
c o n s t r a i n t  and the res t  are only v e r t i c a l l y  support s .  
Nevertheless ,  a l l  the support  nodes are free to rotate in
any d i r ec t i on .
THREE-WAY GRID DOME
ConPiguration TW1
LOAD CASE LA 
LA = t .4 DL + 1.6 IL
DL = 0.10 kNr«i2 on sphere
50 tn
IL « Im.Aep 
Im=0.75 kN/m2 
Aep=Area on plan
IMPOSED LOAD
Fig 5.5.3
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ConFiguration TW1
LOAD CASE LB
LB = 1.4 DL + 1.6 SL
DL = 0.40 kN/m2 on sphere
Fig 5.5.1
SL = U.Se.Aep 
Se=0.75 kN/m2 
Aep=Area on plan
SNOW LOAD
233
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Configuration TWI
LOAD CASE LC
LC = 1.1 DL + 1.4 WL
DL = 0.10 kN/m2 on sphere
,V~10jn/S
WL = Cpe.q.Aes 
q=0.537 kN/m2 
Aes=Area on sphere
WIND LOAD
Cpe
A= 0 . 0  
B= -\ .0 
C= - 0 . 2
Fig 5.5.5
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ConPiguration TW1
LOAD CASE LD
LD = 1.2 DL + 1.2 SL + 1.2 WL 
DL = 0.10 kN/m2 on sphere
JC
50 tn
WL = Cpe.q.Aes 
q=0.537 kN/m2 Cpe 
Aes^ Area on sphere
WIND LOAD
,V=10  m /s
A= 0 . 0  
B= - 1 . 0  
C= - 0 . 2
SL = U.Se.Aep 
Se=0.75 kN/m2 
Aep=Area on plan
SNOW LOAD
1S.S
S 
B
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5.5.5 DESIGN 
Conf i gura t i on  TW1
The des ign of  members for both the support type have been 
descr ibed in F i gs  5.5.8 and 5.5.9.  The s i ze of  the steel  
tubular  members used for the dome with two support  types i s
76.1 mm in diameter,  with the th i ckness  vary ing  from 3.2 to
4.0 mm.
This  i s  true with the except ion of  the members around the
f u l l y  t r a n s l a t i o n a l  c o n s t r a i n t  nodes in support  type S I .  
These member are designed as c i r c u l a r  hol low sec t i ons  of
114.3 and 139.7 mm in diameter,  with the th i cknes s  of  3.6 
and 5.0, r e s p e c t i v e l y .
The respect i ve  uni t  dead weight of the dome are 105.4 and
96.0 N/m2 for support  type S I  and S2.
5.5.6 CAPACITY CHECK 
Conf i gura t i on  TW1
The r a t i o s  of  the i nternal  forces  to the capac i t y  of  
members, under four load cases ,  for  support  types S I  and S2,  
are pl ot ted in graphi ca l  forms and the samples of  them are 
shown in Fi gs  5.5.10 and 5.5.11.
The f i gu r e s  show a l l  the i nternal  forces  are wi thin the
capac i t y  of  the members, for each load case.
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ConPiguration TW1
DESIGN OF MEMBERS 
Support Type SI
Steel Circular Hollow Sections 
CS1 D= 7 6 , 1  mm 1=  3 . 2  mm
CS2
CS3
CS4
D= 7 6 . 1  mm 
t =  1 . 0  mm
D- 1 1 1 . 3  mm 
1= 3 . 6  mm
D= 1 3 3 . 7  mm 
t =  5 . 0  mm
Weight = 105.4 N/m2
Fig 5.5.8
TYPE 
No.
LENGTH
m
No. OF MEMBERS 
WITH X-SECTION OF
CS1 CS2 CS3 CS1
1 2 .9 1 3 6
2 2 .9 1 7 12
3 2 .9 5 9 12
1 2 .9 8 2 12
5 3 .0 1 9 12
6 3 .0 5 2 12
7 3 .0 5 9 12
8 3 .0 7 2 12
3 3.094 12
10 3 .1 3 0 12
11 3 .1 5 3 18
12 3 .1 5 9 12
13 3 .1 7 2 12
14 3 .191 12
15 3 .2 2 9 r  12
IS 3 .2 1 0 21
17 3 .2 1 8 12
IB 3.261 12
19 3 .2 8 3 12
20 3 .3 1 8 18
21 3 .3 1 7 21
22 3 .321 12
23 3 .337 12
24 3 .3 5 9 12
25 3 .3 7 6 36
28 3 .387 12
27 3 .397 12
28 3 .1 0 2 12
29 3 .121 30
30 3.131 21
31 3 .136 12
32 3 .150 12
33 3 .160 36
34 3 .166 21
35 3 .1 7 5 12
36 3 .1 8 2 51
37 3 .1 8 9 12
38 3 .1 9 3 36
39 3.501 18
40 3 .5 1 6 6
41 3 .5 2 3 36
42 3 .5 1 5 6
43 3.561 12
44 3 .5 7 7 12
15 3 .591 6
16 3 .6 2 7 12
17 3 .6 7 8 6
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ConFiguration TW1
DESIGN OF MEMBERS 
Support Type S2
Steel Circular Hollow Sections
J0=76.1 mm 
Go I 1 3.2 mm
rco I 0376-1 m ___l/OZ I L= 1.0 nm '
Weight = 9G.0 N/m2
Fig 5.5.9
TYPE 
No.
3 .337
3 .3 5 9
3 .376
3 .397
3 .1 0 2
3 .121
3.131
3 .1 3 6
3 .1 5 0
3 .1 6 0
3 .1 6 6
3 .1 7 5
3 .1 0 2
3 .1 8 9
3 .0 9 1
3 .1 3 0
3 .1 5 3
3 .1 5 9
3 .172
3 .317
3 .321
3 .3 8 7
No. OF MEMBERS 
WITH X-SECTION OF
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ConPiguration TW1
CAPACITY CHECK 
Ratio of the internal Force to the capacity oF nenber
Load Case LD 
Support Type SI
Fig 5.5.10
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ConPiguration TW1
CAPACITY CHECK
Ratio oF the internal Force to the capacity oF nenber
Load Case LD I
Support Type S2
Fig 5.5.11
THREE-WAY GRID DOMES 307
5,6 DISCUSSION OF RESULTS
Conf i gur a t i on  TW1
The member forces ,  nodal d e f l e c t i o n s  and support  reac t i ons  
obtained from a n a l y s i s  o f  the three-way g r i d  dome have been 
di scussed for the two types of supports ,  i . e .  S I  and S2.
The d i s c u s s i on  of  support  type S I  i s  in sect ion 5.6.1.  Thi s  
i s  f o l l ows  by a d i s c u s s i on  of  support  type S2 in sect i on  
5.6.2.
5.6.1 The Study of  Support  Type S I
(A) AXIAL FORCES
Conf i gura t i on  TW1 
Support  type S I
The d i s t r i b u t i o n  of ax ia l  forces  in the dome for  the four  
load cases  are d i sp l ayed  in Fi gs  5.6.1.1 to 5.6.1.4.
In these f i g u r e s ,  the d i s t r i b u t i o n  of the axial  forces  can 
be assessed from the th i ckness  of  the l i n e  represent i ng  a 
member, and the c o e f f i c i e n t s  which are recorded along the 
memb e r s .
As the f i gu r e s  show, the compressive axial  forces  i ncrease  
r a p i d l y  as they approach the f u l l y  r es t r a i ned  supports .  
Though, the axia l  force for  the res t  of the members are 
reasonably uni form.
The maximum axial  force in the dome i s  397 kN, under load 
case LB.
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The maximum t e n s i l e  force va r i e s  from 48% to 54% of  the 
maximum forces ,  under the four load cases.
The axial  forces  on one s ide of  the dome, under load cases  
LB and LD, are 1arger  than the forces  on the other s ide,  
because of  the unsymmetrical  snow load.
The app l i c a t i on  of  load case LA produces symmetrical  s t r e s s  
di s t r i b  u t i o n .
The member forces  for  load case LC, which i s  a combinat ion  
of  dead and wind load are smal ler  than those for  the other  
load cases.
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ConPiguration TW1 
AXIAL FORCE COEFFICIENTS
Support Type SI
Load Case LA 
Factor = 3.10 kN
Fig 5.6.1.I
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ConFiguration TW1
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LB 
Factor = 3.S7 kN
Fig 5.6.1.2
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Configuration TW1
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LC 
Factor = 2.06 kN
Fig 5.6.1.3
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ConFiguration TW1
AXIAL FORCE COEFFICIENTS 
Support Type SI
Load Case LD 
Factor =3.81 kN
Fig 5.6.1.1
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(B)  DEFLECTIONS
Conf i gura t i on  TW1 
Support  type S I
The d e f l e c t i o n s  are represented by contour l i n e s  and a l so  in 
the form of  dots ,  as the F i gs  5.6.1.5 to 5.6.1.8 shows.
The dome has the maximum def l ec t i on  of 29.5 mm under the 
l oad case LA, which produces symmetrical  d e f l e c t i o n s .
The dome l i f t s  v e r t i c a l l y  near the f u l l y  cons t ra ined points  
by 25% to 45% of  the maximum downward d e f l e c t i o n ,  for  
var ious  load cases.
The maximum def l ec t i on  for  load cases LB and LD i s  on the 
s ide with high i n t e n s i t y  of  snow. The maximum def l ec t i on  
for  load cases LA and LC i s  at  the apex of the dome.
Load case LC produced smal l er  d e f l e c t i o n s  than the others.
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(C) SUPPORT REACTIONS 
Conf i gura t i on  TW1 
Support type S I
Fi gures  5 . 6 .1.9 to 5.6.1.12 show the ve r t i c a l  and hor i zonta l  
support  reac t i ons  in the dome with support  type S I ,  for  al l  
the load cases.
As the f i gu res  show, the v e r t i c a l  react i ons  i ncrease r a p i d l y  
as they approach the suppor t s ,  which are tran si at i on a l l y  
cons t ra i ned.
The dome has negat i ves  r eac t i ons ,  at  the nodes next to the 
f u l l y  cons t ra i ned  po i n t s .  The magnitude of  the negat i ve  
react i ons  are small  and they are not cons i derab l e.
The hor i zonta l  r ea c t i o n s  on the v e r t i c a l l y  re s t r a i ned  nodes 
are zero,  due to hor i zonta l  movements.
The app l i c a t i on  of  l oad case LA, which i s  a combinat ion of
dead and imposed l oads ,  produced symmetrical  r eac t i ons .
The reac t i ons  on one s ide of  the dome under load cases  LB
and LD, are l a r g e r  than the react i ons  on the other s ide.  
Thi s  i s  due to unsymmetrical  snow load i nvol ved in these 
load cases.
The respect i ve  maximum v e r t i c a l  react i on are 405, 505, 251
and 466 kN for  load cases  LA, LB, LC and LD.
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5.6.2 The Study of Support  Type S2
(A) AXIAL FORCES
Conf i gura t i on  TW1 
Support type S2
The s t r e s s  d i s t r i b u t i o n  in the dome with support  type S2 i s  
almost  uni form. The maximum axial  force i s  about 5 times  
smal ler  than those with support  type S I  f or  a l l  load cases .
The axial  force in the member connect ing two consecut i ve  
support  nodes are zero, F i g s  5.6.2.1 to 5 . 6 .2.4.
In the f i gu r e s  the compress ive axia l  force in a member can 
be i d e n t i f i e d  by a negat i ve s i gn preceeding i t s  c o e f f i c i e n t .  
In add i t i on,  the members with compress ive force are 
represented by f i rm l i ne s  as a ga i n s t  dotted l i n e s  for  the 
p l o t t i n g  of  the member with t e n s i l e  axial  f orces .
The maximum t e n s i l e  forces  are not more than 37% of the 
maximum compress ive forces  for  a l l  the load cases ,  wi th the 
except ion of  load case LA. For load case LA the maximum 
t e n s i l e  force i s  74% of  the maximum force.
The behaviour  of  the dome under load cases  LB and LD, i s  the 
same. The maximum axia l  force i s  80 kN under load case LD.
THREE-WAY GRID DOME
ConFiguration TW1
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LA 
Factor = .59 kN
Fig 5.6.2.1
✓THREE-WAY GRID DOHE
ConFiguration TW1
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LB 
Factor = .79 kN
Fig 5.6,2.2
THREE-WAY GRID DONE
ConPiguration TW1
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LC 
Factor = .11 kN
Fig 5.6.2.G
327
THREE-WAY GRID DOME
ConPiguration TW1
AXIAL FORCE COEFFICIENTS 
Support Type S2
Load Case LD 
Factor = .80 kN
Fig 5.6.2.1
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(B)  DEFLECTIONS
Conf i gura t i on  TW1 
Support  type S2
Fi gures  5.6.2.5 to 5 . 6 . 2 . 8  show the nodal d e f l e c t i o n s  in the 
dome. The f i g u r e s  show the d e f l e c t i o n s  in the form of
contour l i n e s  together  with dots.  The d e f l ec t i on  at each
node i s  depicted by the s i ze of  the dots  and a l so  the
c o e f f i c i e n t  along each node. The hol low c i r c l e  i nd i ca t e s
the upward d e f l e c t i o n s .
The symmetrical  load case LA produces symmetrical
de f l e c t i o n s  and a l so  the maximum def l ec t i on  of  18.3 mm, 
which i s  at the apex of the dome.
The maximum d e f l ec t i o n  for  load case LC i s  at  the apex of  
the dome, but the overa l l  d e f l e c t i o n s  are not symmetric.
For al l  the load cases  the nodes next to the boundary nodes 
have a s l i g h t  upward d e f l e c t i o n s .  Thi s  i s  true with the 
except of  load cases  LC and LD, where the nodes only at  the 
windward and leeward edge l i f t  at the nodes next to support  
poi nts .
The maximum l i f t  v a r i e s  between 11% to 14% of the maximum 
def l ec t i on  under the four load cases.
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(C) SUPPORT REACTIONS 
Conf i gura t i on  TW1 
Support  type S2
The d i s t r i b u t i o n  of  the support  react i ons  in the dome i s  
gener a l l y  uni form. Thi s  i s  due to the complete 
t r a n s l a t i on a l  c o n s t r a i n t  for  a l l  the support  nodes.
The magni tudes o f  v e r t i c a l  r eac t i ons  are l a r g e r  than those 
of  the hor i zonta l  r eac t i ons ,  which i nd i ca t e s  the r i g i d i t y  of  
the dome, Fi gs  5.6.1.9 to 5.6.1.12.
The respect i ve  maximum hor i zonta l  react i on are 53, 63, 33
and 61 kN for  l oad cases  LA, LB, LC and LD.
The maximum v e r t i c a l  react i on for  the both load cases  LB and 
LD i s  65 kN, which i s  the maximum ver t i c a l  react i on for  a l l  
the load cases.
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5.7 THREE-WAY GRID DOME : Conf i gura t i on  TW2 
Layout and s t ruc tura l  d e t a i l s
5.7.1 SPECIFICATIONS
Figure 5.7.1 shows the c on f i gu r a t i o n  TW2 of  the three-way  
g r i d  dome. I t  has a diameter of 50 m and a
he i ght - t o -d i ameter  r a t i o  of  1/5. The radius  of  curvature i s
36.25 m. Thi s  dome covers  an area of  1670 m2 and the 
spher i cal  sur face i s  1882 m2 .
The s t ruc tura l  framework i s  composed of 756 members, and 271 
j o i n t s ,  Fi g  5.7.2.  The members having the same length are
categor i sed  as a type of  members. The member l ength in the 
dome v a r i e s  from 3.076 to 2.840 m, so that  the d i f f e r ence  of  
the l ength of  the members i s  only 0.236 m. I t  f o l l ows  that  
t h i s  dome i s  composed of  the members with almost  the
i dent i ca l  l eng ths .
5.7.2 DATA PREPARATION 
Conf i gur a t i on  TW2
The formex used to generate the data i s
E l l = ( [ 9 , 0 , 0 ;  11,0,0] ,  [11,0,0;  10,1,0J,  [10,1,0;  9,0,0] )
E22=( [9,0,0;  10,1,0] ,  [10,1,0;  8 ,1,0] ,  [8,1,0;  9,0,0] )
El  = 1 i b (J =0, 8 ) : r i n (1, J+9, 2 ) : t r a n i d ( - J , J ): E11
E2  = l i b ( J = 0 ,  8 ) : r i n ( l ,  J + 1 0 ,  2 ) : t r a n i d ( - J , J ) ; E 2 2
E = El  # E2
TW11 = pex : E
TW = pex : l am(2,9)  : TW11
G = r am( ta p ( 2,1) )  : TW
THREE-m GRID DOME
C O N F I G U R A T I O N  T V 2
H e ig h t  t o  d i a m e t e r  r a t i o  = 1 / 5
THREE-WAY GRID DOME
C onPiguration  TW2 
TYPE OF ELEMENTS
No. op nodes = 271 
No. op elem ents = 756
D iam eter op dome = 5 0 .0  m 
Radius op dome = 36 .25  m
TYPE
No.
1
2
3
_ 1_
5
6
7
8 
9
10
11
12
13
11
15
16 
17 
IB 
19 
2B 
21 
22 
23 
21 
25
No. OF 
MEMBERS
18
21
12
21
21
12
30
21
12
36
21
12
12
21
12
18
21
12
51
21
81
102
51
18
LENGTH
2 .8 1 0
2 .8 1 5
2 .8 5 0
2 .8 8 1
2 .8 8 9
2 .0 9 1
2 .9 2 3
2.920
2 .9 3 3
2 .9 5 7
2 .9 6 2
2 .9 6 7
2 .9 8 6
2.991
2 .9 9 7
3 .0 1 0
3 .0 1 6
3.021
3 .0 3 0
3 .8 3 5
3.012
3 ,0 5 0
3 .0 5 7
3 .0 6 8
3 .0 7 6
Fig 5.7.2
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DI = d i c (G)  : TW 
D = r a s ( t a p ( 2,1) )  : DI
USE MINE(1, 18, 9, 0, 18, 9,-72 . 5, 1. 0314, 1. 7865 , 36. 25 )
DRAW TW
where MINE i s  the program which project s  the plan surface  
into the sphere.
5.7.3 LOAD CASES 
Conf i gura t i on  TW2
The design of  four load cases  and the amounts of  l oads  in
each node are i l l u s t r a t e d  in F i gs  5.7.3 to 5.7.6.  The
descr i pt i on  of  combinat ion of  load cases are i l l u s t r a t e d  in 
the f i gu r es .
The magnitudes of  tota l  load for load cases  LA, LB, LC and
LD are 3061, 3212, 1787 and 3149 kN.
5.7.4 BOUNDARY CONDITIONS 
Conf i gura t i on  TW2
Al l  the boundary nodes are supported by two arrangements , as 
shown in Fig 5.7.7.  The support  nodes are cons idered to be 
free to rotate in any d i r e c t i o n .
5.7.5 DESIGN 
Conf i gura t i on  TW2
The s ize of the steel  tubular  members for  dome with support  
type S I  v a r i e s  between 76.1 to 139.7 mm in diameter,  with 
the th i ckness  vary ing  between 3.2 to 6.3 mm. The members
THREE-WAY GRID DOMES
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near the f u l l y  t r a n s l a t i o n a l  support  nodes have been 
designed by c r o s s - s e c t i o n  four which has a diameter of  139.7 
mm and a th i cknes s  of  6.3 mm, Fi g  5.7.8.
The steel  tubes forming the brac ing  of the dome with support  
type S 2 have an out s i de  diameter of 76.1 mm. The wall  
th i ckness  of the tubes v a r i e s  according to thei r  l o c a t i o n  
and s t r e s s e s ,  between 3.2 to 4.0 mm as shown in Fig 5.7.9.
The respect i ve uni t  weights  for support type SI  and S2 are
1 0 2 .2  and 80.2 N/m2.
5.7.6 CAPACITY CHECK
Conf i gura t i on  TW2
The r a t i o s  of  the i nternal  forces  to the c a p a c i t i e s  of  
members, under the four load cases ,  for support  types S I  and 
S2, were obtained in graphi ca l  form.
These showed that  a l l  the i nternal  forces  are l e s s  than the 
c apac i t i e s  of  the members, in al l  cases.  Samples of  
capac i t y  check p l o t s  are in F i gs  5.5.10 and 5.5.11.
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THREE-WAY GRID DOME
C onFiguration TW2
LOAD CASE LA
LA = 1 .4 DL + 1.6 IL
DL * 0.10 kN/m2 on sphere
50 m
IL = Im.Aep 
Im=0.75 kN/m2 
Aep=Area on plan
IMPOSED LOAD
Fig 5.7.3
THREE-WAY GRID DOME
ConPiguration TW2
LOAD CASE LB 
LB = M  DL + 1.6 SL
DL = 0.10 kN/m2 on sphere
SL = U.Se.Aep 
Se=0.75 kN/m2 
Aep=Area on plan
SNOW LOAD
Fig 5.7.1
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THREE-WAY GRID DOME
ConPiguration TW2
LOAD CASE LC
LC = 1.4 DL + 1.4 WL
DL - 0.10 kN/m2 on sphere
Fig 5.7.5
WL =  C p e . q . A e s  
q = 0 . 5 3 7  k N / m 2  
A e s = A r e a  o n  s p h e r e
WIND LOAD
Cp e
A= -0.15 
B= -0.75 
C= -0.20
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THREE-WAY GRID DOME
ConFiguration TW2
LOAD CASE LD
LD = 1.2 DL + 1.2 SL + 1.2 VL 
DL =  0 . 1 0  k N / m 2  o n  s p h e r e
rc
50 m
, V=10 m/ s
WL =  C p e . q . A e s  
q = 0 . 5 3 7  k N / m 2  C p e 
A e s = A r e a  on s p h e r e
WIND LOAD
A= -8.15 
B= -0.75 
C= -0.20
SL  =  U . S e . A e p  
S e = 0 . 7 5  k N / m 2  
A e p = A r e a  on  p l a n
SNOW LOAD
Fig 5.7.6
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THREE-WAY GRID DOME
C o n P i g u r a t i o n  T W 2
DESIGN OF MEMBERS 
S u p p o r t  T y p e  SI
St e e l  C i r c u l a r  H o l l o w  S e c t i o n s  
CS1
0= 76.1 mm 
t= 3.2 mm
CS2
CS3
CS4
D= 76.1 mm 
t= 1.0 mm
D* 111.3 mm 
i= 3.6 mm
D= 139.7 mm 
t= 6.3 mm
TYPE 
No.
LENGTH
m
No. OF MEMBERS 
WITH X-SECTION OF
CS1 CS2 CS3 CS4
1 2 .8 4 0 18
2 2 .8 4 5 24
3 2 .8 5 0 12
1 2 .884 24
5 2 .8 8 9 24
6 2 .834 12
7 2 .9 2 3 30
e 2 .9 2 8 24
9 2 .9 3 3 12
10 2 .3 5 7 36
11 2 .3 6 2 24
12 2 .9 6 7 12
13 2 .9 8 6 42
11 2.391 24
15 2 .9 9 7 12
16 3 .0 1 0 48
17 3 .0 1 6 24
18 3.021 12
19 3 .0 3 0 54
20 3 .0 3 5 24
21 3 .0 4 2 84
22 3 .0 5 0 102
23 3 .0 5 7 54
24 3 .0 6 8 18
25 3 .0 7 6 6
Weight =102.2 N/m2
Fig 5.7.8
THREE-WAY GRID DOME
C o n F i g u r a t i o n  T W 2  
DESIGN OF MEMBERS
S u p p o r t  T y p e  S 2
S t e e l C i r c u l a r  H o l l o w  S e c t i o n s
10= 7 6 .1  mi* ________
t o  I j t= 3. 2 nn
r c o  I0* 76*1 m . _
t O Z  | u  1.0 nn ■ = =
W e i g h t  =  8 0 . 2  N / m 2
TYPE
No.
LENGTH
m
No. OF MEMBERS 
WITH X-SECTIDN OF
CS1 CS2
1 2 .8 1 0 18
2 2 .8 1 5 21
3 2 .8 5 0 12
1 2 .0 8 1 21
5 2 .8 8 9 21
6 2 .0 9 1 12
7 2 .9 2 3 30
e 2 .9 2 8 21
9 2 .9 3 3 12
18 2 .9 5 7 36
11 2 .9 6 2 21
12 2 .3 6 7 12
13 2 .9 8 6 12
11 2,991 21
15 2 .9 9 7 12
16 3 .0 1 0 18
17 3 .0 1 6 21
18 3.021 12
19 3 .0 3 0 51
20 3 .0 3 5 21
21 3 .0 1 2 81
22 3 .0 5 0 102
23 3 .0 5 7 51
21 3 ,0 6 8 18
25 3 .0 7 6 6
350
THREE-WAY GRID DOME
ConPiguration TW2 
CAPACITY CHECK
Ratio oF the internal Force to the capacity op member
L o a d  C a s e  LB 
S u p p o r t  T y p e  SI
Fig 5.7.10
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THREE-WAY GRID DOME
C o n f i g u r a t i o n  T W 2  
CAPACITY CHECK
Ratio of ihe internal Force to ihe capacity oF member
L o q cJ C a s e  L B  
Su p p o r t  T y p e  S 2
Fig 5.7.II
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5 .a. DISCUSSION OF RESULTS
Con f i gura t ion  TW2
The member forces ,  nodal d e f l e c t i o n s  and support reac t i ons  
of  con f i gu ra t i o n  TW2 of  the three-way g r i d  dome have been 
discussed for the two type of supports ,  in t h i s  sec t ion .
5.8.1 The Study of Support Type S I
(A) AXIAL FORCES
Conf i gura t ion  TW2 
Support type S I
F i gures  5.8.1.1 to 5 .8 .1 .4  show the d i s t r i b u t i o n  of ax ia l  
forces  in the dome for  the four load cases with support  type 
S I .  This d i s t r i b u t i o n  of  force i s  shown in the form of  
c o e f f i c i e n t s  recorded along l eng ths  of the corresponding  
members. The value of a member force can be obtained by 
m ul t i p l y i n g  the c o e f f i c i e n t  of  a member with the given  
f actor  on each f i gu re .  A l so,  the th ickness  represent ing  a 
member i s  propor t ional  to the magnitude of  the force in i t .
As the f i g ur e s  show, fo r  a l l  load cases,  the s t r e s s  
d i s t r i b u t i o n  in the dome i s  almost uniform except for the 
members around the supports  which are tran s i a t i o n a l 1y 
cons tra ined,  where the compressive s t r e s s  i s  increased  
rap id ly .  So, those members have to be designed separa te ly .
The overal l  ax ia l  forces  in t h i s  con f i gu ra t i o n  are l a r g e r  
than those in c o n f i g u ra t i o n  TW1.
The t e n s i l e  fo rces  are l im i t e d  to the area near the 
supports.  The maximum t e n s i l e  force for  none of  the load
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case i s  more than 50% of the maximum compressive force,  
maximum force i s  520 kN for  the load case LB.
The
THREE-WAY GRID DOME
C o n f i g u r a t i o n  TW2
AXIAL FORCE COEFFICIENTS 
S u p p o r t  T y p e  SI
L o a d  C a s e  LA  
F a c t o r  = 1 . 2 3  k N
Fig 5.8.I.I
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THREE-WAY GRID DOME
C o n P i g u r a t i o n  TW 2 
AXIAL FORCE COEFFICIENTS
S u p p o r t  T y p e SI
L o a d  C a s e  LB 
F a c t o r  =  5 . 2 0  k N
Fig 5.8.1.2
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THREE-WAY GRID DOME
C o n F i g u r a t i o n  TW 2
AXIAL FORCE COEFFICIENTS 
S u p p o r t  T y p e  SI
L o a d  C a s e  L C  
F a c t o r  =  2 . 5 9  kN
Fig 5,8.1,3
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THREE-WAY GRID DOME
C o n f i g u r a t i o n  TW 2
AXIAL FORCE COEFFICIENTS 
S u p p o r t  T y p e  SI
L o a d  C a s e  LD  
F a c t o r  =  1 . 9 1 k N
Fig 5.8.U
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(B) DEFLECTIONS
Conf i gura t ion  TW2 
Support type S I
The def l e c t io n s  are represented by contour l i n e s  and a l so ,  
in the form o f  dots ,  as d i sp layed in Figs  5.8.1.5 to 
5.8.1.8.
The nodal d e f l e c t io n s  in c on f i gu ra t i o n  TW2 are l a rger  than 
those in con f i gu ra t i on  TW1, though they are s t i l l  small with 
respect to the diameter of the dome.
The maximum def l ec t ion  i s  at the nodes next to ver t i ca l  
res tra ined supports,  for  load cases LB, LC and LD. The 
maximum def l ec t ion  i s  41.5 mm under load cases LB and LD.
As the f i gures  show the nodes near the f u l l y  constrained  
supports  have l i f t s  of  maximum by 46%, 33%, 37% and 30% of  
the maximum downward de f l e c t io n ,  for  load cases LA, LB, LC 
and LD.
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(C) SUPPORT REACTIONS 
Conf i gura t ion  TW2 
Support type S I
The v e r t i c a l  and hor izonta l  react ions  in the dome for the 
four load cases  are d i splayed in Figs  5.8.1.9 to 5.8.1.12.
As the f i gu re s  show the ver t i c a l  reac t ions  at the f u l l y  
t r a n s l a t i o n a l  supports  are about 22 to 27- times more than 
the maximum ve r t i c a l  react ions  for the other support nodes.
The nodes next to the tran s i a t i o n a l 1y const ra ined  points  
have small negat ive react ions .
The maximum react ion i s  535 kN under the load case LB. The 
respect i ve  maximum react ions  are 466, 275 and 513 Kn for
load cases LA, LC and LD.
The hor izontal  react ions  on the v e r t i c a l l y  res tra ined  
supports  are zero. This  i s  due to the al lowance of free 
horizontal  movements at these po in ts .  The hor izontal
reac t ions  in the complete t r a n s i a t i o n a l 1y res tra ined  
supports are reasonably high.  The respect i ve maximum
horizontal  react ion  are 545, 626, 321 and 597 kN for load
cases LA, LB, LC and LD.
The d i s t r i b u t i o n  of reac t ions  at var ious  support points  in 
case of  boundary condi t ion S I  also reveal s  the reason behind 
s i g n i f i c a n t l y  l a r ge  forces  in the members next to f u l l y  
constra ined po in t s .
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5.8.2 The Study of Support Type S2
(A) AXIAL FORCES
Conf i gura t ion T W 2 
Support type S2
The d i s t r i b u t i o n  of ax ia l  forces  in the con f i gu ra t i o n  TW2 of 
the three-way g r id  dome, with support type S2 are shown in 
Figs  5.8.2.1 to 5.8.2.4.
The f i gu re s  show that  a l l  the members are car ry ing
compressive axial  forces  under the four load cases.  The
s t res s  d i s t r i b u t i o n  i s  almost uniform. The axia l  forces  in
the members between the two consecutive support  nodes are 
zero.
The app l i ca t i on  of load case LB and LD, because of  the high 
i n t e n s i t y  of snow load on one side of  the s truc ture,
produces unsymmetrical s t r e s s  d i s t r i b u t i o n s .  However, the 
forces  in the dome under load case LD are gen era l l y  smal ler  
than those under load case LB.
The member forces for  load case LC, which i s  a combination  
of dead and wind loads  are smal ler  than the other three load 
cases.
The maximum axial  forces  for  load case LA, LB, LC and LD are 
62, 102, 41 and 92 kN.
THREE-WAY GRID DOME
C o n f i g u r a t i o n  T W 2
AXIAL FORCE COEFFICIENTS 
S u p p o r t  T y p e  S2
L o a d  C a s e  LA 
F a c t o r  =  .62 k N
Fig 5.8.2.1
THREE-WAY GRID DOME
C o n P i g u r a t i o n  TW 2
AXIAL FORCE COEFFICIENTS 
S u p p o r t  T y p e  S2
L o a d  C a s e  LB 
F a c t o r  =  1 .02 k N
Fig 5.8.2.2
THREE-WAY GRID DOME
C o n P i g u r a t i o n  TW 2
AXIAL FORCE COEFFICIENTS 
S u p p o r t  T y p e  S2
L o a d  C a s e  L C  
F a c t o r  =  .11 k N
Fig 5.8.2.3
THREE-WAY GRID DOME
C o n P i g u r a t i o n  TW 2
AXIAL FORCE COEFFICIENTS 
S u p p o r t  T y p e  S2
L o a d  C a s e  LD 
F a c t o r  «  .92 k N
Fig 5.8.2.i
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(B) DEFLECTIONS
Conf i gura t ion  TW2 
Support type S2
Figures  5.8.2.5 to 5.8.2.8 show the de f lec t ion  diagrams for  
four load cases with supports  type S2.
The maximum def lec t ion  i s  23.1 mm, under load case LA.
The dome under load case LB l i f t s  v e r t i c a l l y ,  at the apex, 
as much as 11% of the maximum downward d ef l ec t ion .
The maximum d e f l e c t io n s  for  load case LA and LC are at the
apex of the dome. However, the maximum d e f l e c t io n s  for load
cases LB and LD, are on the side with high i n t e n s i t y  of  snow
1 oad.
The maximum def l e c t io n s  for load cases LB, LC and LD i s
20.6, 13.1 and 20.9 mm.
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THREE-WAY GRID DOMES
(C) SUPPORT REACTIONS 
Conf i gura t ion  TW2 
Support type S2
Figures  5.8.2.9 to 5.8.2.12 show the ve r t i c a l  and hor izonta l  
react ions  for the four load cases.
The f igures  show that  a l l  the ve r t i c a l  react ions  are 
p o s i t i ve  under the four load cases.  The ve r t i c a l  and 
horizontal  reac t ions  are almost uniform.
Load case LA produced symmetrical react ions .  The react ions  
for load case LC are smal ler  than those of the other load  
c a s e s .
The react ion on one side of the dome under load cases LB and 
LD are l a rg er  than those on the other s ide.  This  i s  due to 
the unsymmetrical l oad ing .
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5.9 CONCLUDING DISCUSSION
In the previous s e c t i o n s , . member forces,  nodal d e f l e c t io n s  
and support rea c t i ons  o f  the dome for the two types of
co n f i gu ra t i o n s  with two types of supports  have been 
di scussed.  This  sect ion summarizes the conc lus ion  drawn
above and d i scusses  the s a l i e n t  po ints .
The maximum axial  fo rces  and maximum v e r t i c a l  displacement  
in both the c o n f i g u r a t i o n s  for  the four load cases and two 
boundary cond i t ion s  are recorded in Table 5.10.1 ( in  sect ion  
5.10).  The comparison of  force in the dome with two types
of  supports  i s  made from F igs  5.9.1 to 5.9.8.
The def le c t ion s  for  the two c o n f i g u ra t io n s  with two types of  
supports  have been i l l u s t r a t e d  in the form of  de f lec t ion  
curves for the four load cases,  F i gs  5.9.9 and 5.9.10.
The s t r e s s  d i s t r i b u t i o n  in the dome shows that  most of  the 
members are car ry ing  compressive axial  fo rces,  w h i l s t  the 
extent of  t e n s i l e  ax ia l  forces  i s  l im i ted  to the area near 
the supports.  Furthermore, the maximum te n s i l e  force for  
any load case i s  not more than 67% o f  the maximum 
compressive forces.
As the Table 5.10.1 shows with support type S I  the maximum 
axia l  forces  in c o n f i g u ra t io n  TW2 i s  in cre as i ng  20% to 27%, 
for  d i f f e re n t  load cases,  from those in con f i gu ra t i o n  TW1. 
However, for support  type S2, the maximum axia l  forces  in 
both c on f i gu ra t i o n s  are almost the same.
The reduction in d e f l e c t io n  in the dome, with support type 
S I ,  for  . . conf i gurat ion  TW1 compared with c o n f i gu ra t i o n  TW2, 
va r i e s  from 17% to 38%, for  d i f f e r e n t  load cases .
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The maximum d e f l e c t i o n s  for support type S2 in con f i gura t ion  
TW 1 are almost smal ler  than those in co n f i gu ra t io n  TW2.
For both c o n f i g u r a t i o n s  with the support type S I ,  the 
compressive axia l  forces  are found to increase rap id ly  as 
they approach the supports  which have complete t r an s l a t i o n a l  
con s t r a i n t .  Furthermore, te n s i l e  forces  are found to be 
dominant in the members near the supports  having only 
ve r t i c a l  c o n s t r a i n t s .
However, the s t r e s s  d i s t r i b u t i o n  for res t  of  the members in 
the dome i s  almost uniform and much smal ler  than the members 
near the supports.
For support type S2, the concentrat ion of forces  in the 
members near the supports  i s  r e l a t i v e l y  l e s s  severe, and the 
re su l t i n g  s t r e s s  d i s t r i b u t i o n  in t h i s  case i s  almost  
uniform. The maximum axial  forces for support  type S2 i s  
only 26% of those for  boundary cond it ion  S I ,  Table 5.10.1.
The dominance o f  member forces  near the supports  for support  
type S I ,  i s  the d i r e c t  r e s u l t  of  the l a t e r a l  displacements  
at the v e r t i c a l  r e s t r a i n t  po in ts .  Consequent!y,  the axial  
forces in the members connecting two consecut ive complete 
t r a n s l a t i o n a l  c o n s t r a i n t s  for support type S2, are zero.
In both c o n f i g u r a t i o n s  the app l i c a t ion  of load case LA, 
which i s  the combination of  dead and imposed loads ,  produces 
symmetrical s t r e s s  d i s t r i b u t i o n s .
In load case LB, because o f  the high i n t e n s i t y  of snow 
loading on one s ide of the s t ructure,  the forces  in the 
members are l a r g e r  than those of  the other side. The 
maximum axial  forces  on one s ide of the dome i s  30% l arger  
than the forces  on the other s ide of  the dome.
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The inf luence o f  the two boundary cond i t ion s  on the s tres s  
d i s t r i b u t i o n  in the dome for  the other two load cases i s  not 
s i g n i f i c a n t l y  d i f f e r e n t  to the f i r s t  two cases .
However, both the member forces  and r e s u l t i n g  nodal 
de f l ec t ion s  for  load case LC are s ign i  f i c a n t l y  smal ler  than 
those for the other three load cases.
The behaviour of  the dome under load case LD does not d i f f e r
s i g n i f i c a n t l y  from that of  load case LB.
The domes are subjected to the maximum d ef le c t ion  under load 
case LA, with the exception of c o n f i gu ra t i o n  TW2 with
support type S I ,  where the maximum d e f l e c t io n s  i s  under load 
LB.
The dome with support type S I  l i f t s  v e r t i c a l l y  near the
f u l l y  constra ined  po in t s  by maximum 11.5 and 16.3 mm for 
c on f i gu ra t io n s  TW1 and TW2. The maximum l i f t  in the dome
with support type S2 i s  6.0 mm at - the  apex of  the dome under
load case LB, for  c o n f i g u ra t io n  TW2.
The comparisons o f  d e f l e c t i o n s  in both c o n f i g u r a t i o n s ,  for  
four load cases through the symmetrical diameter,  (with 
respect  to each load cas e ) ,  have been i l l u s t r a t e d  in Figs
5.9.9 and 5.9.10 for  c o n f i g u ra t i o n s  TW1 and TW2, 
r e spe c t i v e l y .  In each case,  the d e f l e c t io n s  are obtained 
from the nodes l y i n g  on the symmetrical diameter.
The reduction in d e f l e c t i o n s  in the dome with support  type 
S2 compared with support type S I  var i e s  from 38% to 50% for  
d i f f e r e n t  load cases ,  (see Fig  5 .9.9) .
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THREE-WAY GRID DOMES
The maximum axia l  fo rces  and maximum ve r t i c a l  d i splacements  
in both c o n f i g u r a t i o n s  for the four load cases  and two 
boundary c on d i t io n s  are tabulated in Table 5.10.1.
5 . 1 0  CONCLUSIONS
THREE-VAT GRID DOME
Load
Case
ConFiguration TV1 ConFiguration TW2
Support Type S1 Support Type S2 Support Type SI' Support Type S2
Maximum
AXIAL
FORCE
KN
Maximum
DEFLECTION
mm
Maximum
AXIAL
FORCE
KN
Maximum
DEFLECTION
mm
Maximum
AXIAL
FORCE
kN
Maximum
DEFLECTION
mm
Maximum
AXIAL
FORCE
kN
Maximum
DEFLECTION
mm
LA -310 29.5 -59 18.3 -123 35.5 -62 23.1
LB -397 25.S -79 12.9 -520 11 .5 -102 20.6
LC -20S 18.9 -17 10.3 -259 22.0 -11 13.1
LD -381 25.5 -80 13.8 -191 11 .5 -92 20.3
Weight 105.7 ' N/m2 96.0 ‘ N/m2 102.2 N/m2 80.2 N/m2
COMPARISON OF STRESS DISTRIBUTION AND DEFLECTION
Table 5.19.1
From the s t r e s s  d i s t r i b u t i o n s ,  nodal d e f l e c t i o n s  and support  
react i ons ,  the fo l l ow in g  po ints  can be concluded:
1- The c o n f i g u ra t i o n  TW1 shows a more r i g i d  behaviour than 
that  of c o n f i g u r a t i o n  TW2. That i s  to say,  the l a r g e r  
height  to diameter r a t i o  r e s u l t s  in a s t i f f e r  dome..
2- The support arrangement type S2 re s u l t s  in a r e l a t i v e l y  
uniform s t r e s s  d i s t r i b u t i o n  and increases  the r i g i d i t y  of  
the dome s i g n i f i c a n t l y  as compared with support type S I .
3- The member ax ia l  forces  for the unsymmetrical snow load  
are found to be c r i t i c a l .
4-  The maximum d e f l e c t i o n  in t he  dome o c c u r r e d  under  l o a d
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case LA, except fo r  c o n f i g u ra t i o n  TW2 with support  type S I ,  
where the maximum d e f l e c t io n  i s  under load cases LB and LD.
5- In both c o n f i g u r a t i o n s ,  with two types of  suppor ts  and 
var ious  load cases the maximum d e f l e c t io n s  are s i g n i f i c a n t l y  
smal 1 .
6- In both c o n f i g u r a t i o n s ,  with support type S I ,  the 
v e r t i c a l  and hor izonta l  support  reac t ions  for  f u l l y  
constra ined supports  are cons ide rab ly  high.
7- The weight per square metre i s  much the same for  both 
c o n f i g u ra t io n s  with support  type S I .  However, the weight  
per square metre for  c o n f i gu ra t io n  TW2 with support  type S2 
i s  cons iderab ly  l e s s  than that  for con f i gu ra t i o n  TW1.
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COMPARATIVE 
STUDIES
6.1 INTRODUCTION
In the previous  chapters ,  three types of braced domes are 
i n ves t i ga te d .  An attempt has been made in t h i s  chapter to 
compare the r e s u l t s  of the i n v e s t i g a t i o n .  The three types  
of brac ing arrangement with two types of he ight  to diameter  
r a t i o ,  are descr ibed below.
{A) Types of pat tern :
1 Geodesic dome
2 Schwedler dome
3 Three-way g r i d  dome
(B) Types of  he ight  to diameter r a t i o s :
1 One th i rd  ( Conf i gura t ion  1 )
2 One f i f t h  ( Con f i gura t ion  2 )
(C) Boundary c o n d i t io n s :
1 Support type S I
2 Support type S2 
( D ). Load cases :
1 Dead load and imposed load LA
2 Dead load and unsymmetric snow load LB
3 Dead load and wind load LC
4 Dead load,  snow load and wind load LD
A total  of 48 analyses  we re car r ied  out.
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6.2 COMPARISON OF GEOMETRIC PROPERTIES
To compare the geometric p ropert ies  of the domes, the 
diameter, rad ius ,  area in plan and sur face,  to ta l  length of  
members, number of members and nodes, number of  d i f f e r e n t  
l engths  of members, maximum and minimum of member lengths  of  
the domes are recorded in Table 6.2.1.  Furthermore, the 
total  load of  each dome and number of  boundary nodes of the 
domes are also recorded in th i s  Table.
DETAILS OF DOtlES
PARTICULARS
GEODESIC
DOMES
SCHWEDLER
DOMES
THREE-WAY GRID 
DOMES
GDI GD2 SDl SD2 TW1 TW2
Diameter m 50 50 50 50 50 50
Radius m 27.95 38.11 27 .08 38.25 27.08 36.25
Plan Area m2 1835 1870 1987 1983 1755 1870
SurFace Area m2 2116 1881 2823 2270 2365 1882
Total Length m 259S 2288 3131 2805 2531 2260
No. oF Members 775 775 870 870 756 756
No. oF Nodes 278 276 307 307 271 271
No. op
Member Types 27 .13 17 18 17 25
Member 
Length m
Max 3.89 3.20 1.75 1.37 3.68 3.08
Min 2.61 2.25 2.15 1 .98 2.91 2.81
Load LA kN 3573 3059 3988 3621 3130 3061
Load LB kN 3811 3201 131 1 1020 3661 3212
Load LC kN 2223 1788 2190 2109 2163 1787
Load LD kN 3738 3110 1182 3869 3609 3119
No. oF Supports 50 50 18 18 51 51
Toble 6.2.1
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Despite the fac t  that  the diameters of the domes are equal,  
the plan areas are not equal.  Schwedler dome covers a 
l a r g e r  area than the other two. Thi s  i s  due to the shape of 
the geodesic and three-way g r id  domes whose boundary nodes 
are not l y i n g  on a c i r c l e .  For the same reason the number 
of members and nodes for  Schwedler dome are more than the 
o t h e r s .
The number of var ious  member lengths  for Schwedler dome i s  
l e s s  than the o thers,  though the d i f fe rence  between maximum 
and minimum member lengths  for the Schwedler dome i s  more 
than the other two types.
The d i f ference between maximum and minimum member lengths ,  
of conf i gu ra t ion  TW2 o f  the three-way g r i d  dome i s  only 0.24 
m, and th i s  i s  an advantage of t h i s  dome being composed of 
almost ident i ca l  member lengths .
6.3 DESIGN AND DEAD WEIGHTS
The design of the dome in each case i s  optimized by choosing  
the required member s i zes  according to the magnitude, of 
forces.  For convenience in cons t ruc t ion ,  the number of 
d i f f e r e n t  c r o s s - s e c t i o n s  for a dome i s  kept to four.
The size of the tubular  members for domes with support type 
S I  var i e s  between 76.1 to 139.7 mm in diameter, with the 
th ickness  vary ing  between 3.2 to 8.0 mm.
The steel tubes forming the brac ing  o f  the dome with support  
type S2 have an outer diameter of 76.1 mm. The wall  
th i cknesses  of  the tubes vary between 3.2 to 4.0 mm. This  
i s  true with the exception of  the Schwedler dome. In t h i s
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dome the s ize o f  members for  con f i gura t ion  SD1 have an 
outside diameter of 76.1 mm, and the wall th i cknesses  of  
3.2, 4.0 and 5.0 mm. The steel  tubes for con f i gu ra t i o n  SD2 
of the Schwedler dome with support type S2, vary between
76.1 and 114.3 mm in diameter,  having th ickness  of 3.2 to
3.6 mm.
The weight of each dome with the two support types are 
recorded in Table 6.3.1.  As t h i s  Table shows, con f i gu ra t i o n  
SD2 of Schwedler dome i s  the heav ies t ,  and con f i gu ra t i o n  TW2 
of  the three-way g r i d  dome i s  the l i g h t e s t .
C0HPARIS0N OF HEIGHT
GEODESIC
DOflES
SCHWEDLER
DOMES
THREE-WAY GRID 
DOMES
GD1 GD2 SD1 SD 2 TW1 TW2
S u p p o r t  T y p e
S1
W e i g h t  k N / m 2 S 1  . 1 1 0 6 . 2 1 1 5 . 8 1 2 1  . 1 1 0 5 . 4 1 0 2 . 2
S u p p o r t  T y p e
S 2
W e i g h t  k N / m 2 8 7 . S 8 5 . 7 1 1 4 , 7 S 7 . 6 9 6 . 0 8 0 . 2
Table 6.3.1
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An ideal prefabr i ca ted  system would be a s truc ture  
c o n s i s t i n g  of  ident i ca l  elements jo i n ted  together by simple 
connectors,  the same for a l l  the j o i n t s .  In such a case,  
the elements and connectors could be mass-produced with 
cons iderable economy. The geodesic and three-way g r id  domes 
are excep t i ona l l y  good in t h i s  respect  and al low fu l l  
advantage to be taken of p re f a b r i c a t io n ,  s ince the v a r i a t i o n  
in length o f  t h e i r  component members i s  quite smal l ,
p a r t i c u l a r l y  for  small spans and shal low domes. This  
r e s u l t s  in a regu la r  network and leads  to s u b s t a n t i a l l y  
uniform s t r e s s i n g  of a l l  members of the dome under the 
appl ied 1 oadi ng .
However, both the subd i v i s i o n s  i . e .  geodesic and three-way 
gr id  domes, a l so  have a d i sadvantage:  in pract i ce ,  the
geodesic geometry near the base has to be modif ied i f  the 
s tructure has to res t  on a hor izonta l  base r ing .  I f  th i s  
happens, then the j o i n t s  along the base r ing have to be 
adjusted as well as the length o f  the i n f i l l i n g  members in 
the lower parts  of  the dome.
Experience shows that  for the l a r g e ,  c lear  spans required  
for publ ic  assembly b u i l d i n g s ,  steel  Schwedler domes provide 
a so lu t ion  combining the economy of material  with that of
cost ,  Ref 2. Since these domes can be pre fabr i ca  ted and, 
speedi ly  erected on s i te  with l i t t l e  s c a f f o l d i n g ,  therefore,  
the cost  of  cons t ruc t ion  i s  low. Such a dome requi res  only 
a small central  tower to provide temporary support for the
upper ends o f  the r ibbed u n i t s ,  before these are
interconnected at the common apex during erect ion.
6 . 4  DOME PATTERNS
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The member forces  are obtained from pin-connected ana ly s i s  
of  the geodesic,  Schwedler and three-way g r id  domes for four 
load cases with two types of supports.  For each dome, two 
height to diameter r a t i o s  are considered.  The member forces  
are presented prev ious ly  and are d i scussed below.
The s t r es s  d i s t r i b u t i o n s  in a l l  the domes show that  most of
the members are car ry ing  compressive axial  fo rces ,  wh i l s t  
the extent o f  t e n s i l e  axial  forces  i s  l im i ted  to the area 
near the supports.  Furthermore, the maximum t e n s i l e  force 
for any load case i s  not more than 67% of  the maximum 
compressive force in the case of three-way g r i d  dome. 
Tens i le forces  are r e l a t i v e l y  l e s s  in the other domes.
The maximum compressive and t e n s i l e  forces in both the 
co n f i gu ra t io n s  of  each dome for the four load cases  and with
two boundary cond i t ion s  are recorded in Table 6.5.1.
The s t r e s s  d i s t r i b u t i o n s  in the domes for a l l  load cases,  
with both support types are almost uniform. This  i s  true 
with the exception o f  members near the tran si a t i o n a l l y  
constrained nodes with support type S I ,  where the member 
forces have increased ra p id l y .  Par t i c  ul arl  y , the
compressive forces  in the members next to these supports are 
cons iderab ly  1arger than anywhere else.  Furthermore, the 
te n s i l e  forces  are genera l l y  in the members in the two or 
three outer r i n g s  near the v e r t i c a l l y  cons tra ined nodes.
6 . 5  AXIAL FORCES
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COMPARISON OF AXIAL FORCES
GEODESIC
DOMES
SCHWEDLER
DOMES
THREE-WAY GRID 
DOMES
i#, ■ -
GD1 GD2 SD1 SD2 TW1 TW2
Su
pp
or
t 
Ty
pe
 
S
1
maximum 
Compressive 
AXIAL FORCE
kN Lo
ad
 
C
as
es
LA 397 494 370 603 310 423
LB 501 598 481 746 397 520
LC 267 300 228 355 206 259
LD 473 568 441 691 381 494
maximum 
Tensile 
AXIAL FORCE
KN Lo
ad
 
C
as
es
LA 226 242 178 241 167 207
LB 276 275 212 291 206 239
LC 150 144 123 146 138 122
LD 251 281 ! 212 283 190 222
Su
pp
or
t 
Ty
pe
 
S
2
maximum 
Compressive 
AXIAL FORCE
kN Lo
ad
 
C
as
es
LA 75 76 75 83 59 62
LB 95 100 95 114 79 102
LC 54 47 57 53 44 41
LD 85 86 94 100 80 92
maximum 
Tensile 
AXIAL FORCE
kN Lo
ad
 
C
as
es
LA 42 0 47 0 44 0
LB 35 0 42 0 26 0
LC 25 0 11 0 16 0
LD 32 0 37 0 25 0
Table G.5.I
The ov eral 1 ax i al fo rces i n confi  g ur a t i o n s
rel a t i vel y smal 1 heig h t to di ame ter r a t i o s) are 1
tho se in co nfi  gura t i  o ns 1.
(wi th
As Table 6.5.1 shows, in co n f i gu ra t io n s  2 a l l  members of  
domes are car ry in g  compressive axial  fo rces,  under the four 
load cases with support type S2.
COMPARATIVE STUDIES 105
In each dome, the maximum force i s  the l a r g e s t  under load  
case LB as compared with that  for  the other load cases.
The a p p l i c a t i o n  of  load case LA, which i s  a combination of  
dead and imposed loads ,  produces symmetrical s t r e s s  
di s t r i b  uti  on .
The maximum axial  forces on one s ide of the domes, under the 
load cases LB and LD, are 30% l a r g e r  than the forces  on the 
other s ide,  because of the unsymmetrical snow loa d ing .
The member forces  for  load case LC, which i s  a combination  
of dead and wind loads ,  are s i g n i f i c a n t l y  smal ler  than those 
for the other load cases.
The maximum force i s  746 kN for  the load case LB in the case 
of  con f i gu ra t io n  SD2 of  the Schwedler dome with support type 
S I .
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The maximum v e r t i c a l  d isplacements  of  the domes in both the 
con f i gu ra t io n s  for  the four load cases and two boundary 
condi t ions  are tabulated in Table 6.6.1.
6 . 6  DEFLECTIONS
COtlPARISON OF NODAL DEFLECTIONS
GEODESIC
DOMES
SCHWEDLER
DOMES
THREE-WAY GRID 
DOMES
GD1 GD2 SD1 SD2 TW1 TW2
Su
pp
or
t 
Ty
pe
 
S
1
maximum
Downward
DEFLECTION
mm Lo
ad
 
C
as
es
LA 37 .7 17.6 23.9 31.8 29.5 35.5
LB 29.5 12.5 25.3 11.3 25.6 11 .5
LC 22.8 27.6 13.8 21 .6 16.9 22.0
LD 29 .5 39.2 21.2 12.3 25.5 11 .5
maximum
Upward
DEFLECTION
mm Lo
ad
 
C
as
es
LA 11 .3 18.6 6.7 13.6 10.6 16.3
LB 12.1 11.9 7.1 12.0 11 .5 12.9
LC 8.8 10.8 . 3.2 8.0 5.2 9.5
LD 1 1 .2 11.1 6.3 10.6 10.5 12.5
Su
pp
or
t 
Ty
pe
 
S
2
maximum
Downward
DEFLECTION
mm
in
<u
lj
T3
O
O
-J
LA 26.8 29.5 17.1 21.0 18.3 23.1
LB 16.7 19.3 17 .3 25.0 12.9 20.6
LC 16.3 17.1 9.5 13.7 10.3 13.1
LD 18.3 17.3 16.7 21.6 1.3.6 20.3
maximum
Upward
DEFLECTION
mm Lo
ad
 
C
as
es
LA 2.3 0 2.7 1 .1 1 .7 0
LB 2.2 1 .0 2.3 11 .3 1 .7 6.0
LC 1 .6 0 1 .6 0.8 1 .1 0
LD 2.2 0 2.5 5.2 1 .5 0
Toble 6.6.1
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The d e f l e c t i o n s  i n  c o n f i g u r a t i o n s  2 ( i . e .  r e l a t i v e l y
s h a l l o w e r )  a r e  l a r g e r  t han  t h o s e  in c o n f i g u r a t i o n s  1, t hough 
t h e y  a r e  s t i l l  smal l  w i t h  r e s p e c t  t o  d i a m e t e r  o f  t h e  domes.  
I t  f o l l o ws  t h a t  t he  domes in g e n e r a l  a r e  r a t h e r  s t i f f .
With s u p p o r t  t y p e  SI  f o r  t h e  domes,  t h e  nodes  n e x t  to f u l l y  
c o n s t r a i n e d  p o i n t s  l i f t  v e r t i c a l l y ,  unde r  t he  f o u r  l oa d  
c a s e s .  However ,  t h e  upward d e f l e c t i o n s  a r e  smal l  and a r e  
not  s i g n i f i c a n t .  In t he  c o n f i g u r a t i o n  1 o f  t h e  domes wi t h  
s u p p o r t  t ype  S2 f o r  a l l  t h e  l o a d  c a s e s  t h e  nodes  n e x t  to t he  
s u p p o r t  nodes  have s l i g h t  upward d e f l e c t i o n s .  Thi s  i s  t r u e  
wi t h  t h e  e x c e p t i o n  o f  l o a d  c a s e s  LC and LD, where t h e  nodes  
o n l y  a t  t he  windward and l e ewa r d  edges  l i f t  v e r t i c a l l y  on 
t he  second bo t t om r i n g .
The maximum d e f l e c t i o n s  in t he  g e o d e s i c  and t h r e e - w a y  g r i d  
domes,  f o r  l oad  c a s e s  LA and LC a r e  on t he  apex o f  t h e  dome.  
However ,  t he  maximum d e f l e c t i o n s  f o r  l o a d  c a s e s  LB and LD, 
a r e  on t he  s i d e  wi t h  h i gh  i n t e n s i t y  o f  snow l o a d .
The maximum d e f l e c t i o n  f o r  a l l  t he  l o a d  c a s e s  i s  on t he  
t h i r d  r i n g  from t h e  a p e x ,  f o r  c o n f i g u r a t i o n  SD1 of  t he  
Schwedl e r  dome.  In c o n f i g u r a t i o n  SD2 of  t he  Schwe d l e r  dome,  
t h e  maximum d e f l e c t i o n  i s  on t he  t h i r d  r i n g  from t h e  apex 
f o r  l oad  case  LA. However ,  f o r  t he  o t h e r  l o a d  c a s e s ,  t he  
maximum d e f l e c t i o n  i s  on t he  t h i r d  and f o u r t h  r i n g  from t he  
b ounda r y .
All t he  c o n f i g u r a t i o n s  2 of  t he  domes,  wi t h  s u p p o r t  t ype  S2,  
l i f t  v e r t i c a l l y  on t h e  a p e x ,  under  l o a d  c a s e  LB.
108
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6.7 SUPPORT REACTIONS
The maximum v e r t i c a l  and h o r i z o n t a l  s u p p o r t  r e a c t i o n s  of  t he  
domes,  in bo t h  t h e  c o n f i g u r a t i o n s  f o r  t he  f o u r  l o a d  c a s e s  
and two boundar y  c o n d i t i o n s  a r e  t a b u l a t e d  in Ta b l e  6 . 7 . 1 .
COtlPARISON OF SUPPORT REACTIONS
G E O D E S I C
D O M E S
S C H W E D L E R
D O M E S
THREE-WAY GRID 
D O M E S
G D I G D 2 S D 1 S D 2 T W 1 T W 2
S
u
p
p
o
rt
 
Ty
pe
 
S
1
maximum
V e r t i c a l
SUPPORT
R E A C T I O N
KN Lo
ad
 
C
a
s
e
s
L A 3 S 0 4 66 3 0 3 3 8 5 4 0 5 466
L B 4 8 7 5 4 2 3 9 5 48 0 5 0 5 5 3 5
L C 2 4 8 2 7 5 185 2 2 7 251 2 7 5
L D 4 4 4 5 0 4 3 6 0 444 4 6 6 5 1 3
maximum
H o r i z o n t a l
SUPPORT
R E A C T I O N
KN Lo
ad
 
C
a
s
e
s
L A 2 2 4 5 4 6 148 4 36 2 0 5 5 4 5
L B 281 6 3 0 184 541 2 5 7 6 2 6
L C 1 7 6 3 1 5 77 2 5 6 1 30 321
L D 2 5 5 5 8 7 166 5 0 0 2 3 6 5 9 7
S
u
p
p
o
rt
 
Ty
pe
 
S
2
maximum
V e r t i c a l
SUPPORT
R E A C T I O N
KN
QjndL)
*o
d
o
_J
L A 80 66 104 95 7 8 67
L B 10 2 80 130 128 9 5 75
L C 5 8 41 80 6 2 54 41
L D 9 5 78 134 124 9 5 74
maximum
H o r i z o n t a l
S UP P OR T
R E A C T I O N
KN Lo
ad
 
C
a
s
e
s
L A 5 3 87 49 101 5 3 88
L B 6 6 105 67 138 63 100
L C 3 6 51 36 64 33 53
L D 61 98 64 129 61 96
Table 6.7.1
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The v e r t i c a l  r e a c t i o n s  f o r  a l l  t h e  domes a r e  d i r e c t e d  upward 
wi t h  t he  e x c e p t i o n  of  t h r e e - w a y  g r i d  dome wi t h  s u p p o r t  t ype  
S I .  In t h r e e - w a y  g r i d  and t h e  c o n f i g u r a t i o n  GD2 o f  g e o d e s i c  
domes,  t he  nodes  ne x t  to t he  f u l l y  c o n s t r a i n e d  p o i n t s  have a 
smal l  n e g a t i v e  r e a c t i o n s  (downward)  f o r  a l l  t h e  l o a d  c a s e s .
The h o r i z o n t a l  r e a c t i o n s  on a l l  t he  s u p p o r t  p o i n t s  a r e  
d i r e c t e d  i nwar d .  I t  f o l l o w s  t h a t  t h e  dome i s  under  
c o mp r e s s i v e  s t r e s s e s ,  which i s  ob v i o u s  from t he  domi nance  o f  
c o mp r e s s i v e  f o r c e s  i n  mos t  o f  t h e  members .
The h o r i z o n t a l  r e a c t i o n s  in c o n f i g u r a t i o n s  2 a r e  l a r g e r  t han  
t h o s e  i n  c o n f i g u r a t i o n s  1.  So,  c o n f i g u r a t i o n s  1 a r e  s t i f f e r  
t han  c o n f i g u r a t i o n s  2.
The ma gn i t ude  o f  t he  h o r i z o n t a l  r e a c t i o n s  in c o n f i g u r a t i o n s  
2 a r e  g e n e r a l l y  l a r g e r  t h a n  t h e  v e r t i c a l  r e a c t i o n s .  The 
o p p o s i t e  i s  t r u e  f o r  c o n f i g u r a t i o n s  1. Thi s  can be 
a t t r i b u t e d  to t h e  r e l a t i v e l y  s h a l l o w  de p t h  o f  c o n f i g u r a t i o n s  
2 .
The s u p p o r t  r e a c t i o n s  i n c r e a s e  r a p i d l y  as t he y  a p p r o a c h  t he  
t r a n  si a t i o n a l l y  c o n s t r a i n e d  n o d e s .
The h o r i z o n t a l  r e a c t i o n s  o f  t he  v e r t i c a l l y  r e s t r a i n t  p o i n t s  
a r e  z e r o .  Th i s  i s  due to  t h e  a l l o wa n c e  o f  f r e e  h o r i z o n t a l  
movements  a t  t h e s e  p o i n t s .  The h o r i z o n t a l  r e a c t i o n s  on t he  
f u l l y  c o n s t r a i n e d  s u p p o r t s  a r e  c o n s i d e r a b l y  h i g h .
The d i s t r i b u t i o n  of  r e a c t i o n s  a t  v a r i o u s  s u p p o r t  p o i n t s  in 
c a s e  o f  bou n d a r y  c o n d i t i o n  SI  a l s o  r e v e a l s  t h e  r e a s o n  b e h i n d  
s i g n i f i c a n t l y  l a r g e  f o r c e s  in t he  members n e x t  to f u l l y  
c o n s t r a i n e d  j o i n t s .
Load ca s e  LA pr oduced  s y mme t r i c a l  r e a c t i o n s .  The r e a c t i o n s
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f o r  l o a d  ca s e  LC a r e  s m a l l e r  t han  t h o s e  f o r  t h e  o t h e r  l o a d  
c a s e  s .
The r e a c t i o n  on one s i d e  o f  t he  dome under  l o a d  c a s e s  LB and 
LD a r e  l a r g e r  t han  t h o s e  on t h e  o t h e r  s i d e .  Th i s  i s  due t o  
t he  uns ymmet r i ca l  l o a d i n g .
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In t he  p r e v i o u s  s e c t i o n s ,  member f o r c e s ,  nodal  d e f l e c t i o n s  
and s u p p o r t  r e a c t i o n s  o f  t h e  domes f o r  t h e  two t y p e  of  
c o n f i g u r a t i o n s  wi t h  two t ype  o f  s u p p o r t s  have been 
d i s c u s s e d .  Thi s  s e c t i o n  summar i zes  t h e  c o n c l u s i o n  drawn 
above and d i s c u s s e s  t he  s a l i e n t  p o i n t s .
The maximum a x i a l  f o r c e s  and maximum v e r t i c a l  d i s p l a c e m e n t s  
in bo t h  c o n f i g u r a t i o n s  o f  t he  domes f o r  t he  f o u r  l oad  c a s e s  
and two bounda r y  c o n d i t i o n s  a r e  r e c o r d e d  in Ta b l e  6 . 8 . 1 .
The c o n f i g u r a t i o n  1, which has  a r e l a t i v e l y  g r e a t e r  r i s e ,
d e f l e c t s  l e s s  t ha n  t h e  c o n f i g u r a t i o n  2,  d e s p i t e  t h e  f a c t  
t h a t  t he  l o a d i n g  in t he  f our  c a s e s  a r e  c o m p a r a t i v e l y  l a r g e r .  
S i m i l a r l y ,  t h e  f o r c e s  in c o n f i g u r a t i o n s  1 a r e  c o n s i d e r a b l y  
s m a l l e r  t han t he  o t h e r s .  F u r t h e r m o r e ,  t h e  h o r i z o n t a l  
r e a c t i o n s  in c o n f i g u r a t i o n  1 a r e  s i g n i f i c a n t l y  s m a l l e r  t h a n  
t h o s e  in c o n f i g u r a t i o n  2.  I t  f o l l o ws  t h a t  t he  r i g i d i t y  of  
t h e  s t r u c t u r e  i n c r e a s e s  wi t h  t h e  i n c r e a s e  o f  t h e  s t r u c t u r a l  
hei  g h t .
The s t r e s s  d i s t r i b u t i o n s  in a l l  t he  domes show t h a t  most  o f  
t h e  members a r e  c a r r y i n g  c o m p r e s s i v e  a x i a l  f o r c e s ,  w h i l s t
t he  e x t e n t  o f  t e n s i l e  a x i a l  f o r c e s  i s  l i m i t e d  to t he  a r e a s
ne a r  t h e  s u p p o r t s .
The s t r e s s  d i s t r i b u t i o n  in t he  domes f o r  a l l  l o a d  c a s e s ,  
wi t h  b o t h  t h e  s u p p o r t  t y p e s  a r e  a l mo s t  u n i f o r m.  Th i s  i s  
t r u e  wi t h  t he  e x c e p t i o n  o f  members ne a r  t he  t r a n  s i a t i o n a l l y  
c o n s t r a i n e d  nodes  wi t h  s u p p o r t  t y p e  S I ,  where t h e  member 
f o r c e s  have i n c r e a s e d  r a p i d l y .  P a r t i c u l a r l y ,  t h e
c o mp r e s s i v e  f o r c e s  in t h e  members n e x t  t o  t h e s e  s u p p o r t  
nodes  a r e  c o n s i d e r a b l y  l a r g e r  t han anywhere e l s e s .
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COMPARISON OF RESULTS
G E O Q E S I C S C H W E D L E R THREE-VAY GRID
D O M E S D O M E S D O M E S
G D I 6 D 2 S D 1 S D 2 T W 1 T W 2
maximum 
C o m p re ssive  
A X IA L  FORCE
VI
VI L A 397 191 370 ! 603 310 123
d
L) L B 501 598 181 716 397 520
■a
d L C 2G7 300 228 355 206 259
KN _l L D 173 588 111 691 381 191
maximum 
T e n s i l e  
A X IA L  FORCE
VI
Qj
v» L A 22S 212 178 211 167 207
r - O L B 276 275 212 291 206 239
CO T>d L C 150 111 123 116 138 122
KN _l L D 251 261 212 283 190 222
Qi
a.
h- maximum
Downward
DEFLECTIO N
IQ
Qi
VI L A 3 7 .7 1 7 .6 2 3 .9 3 1 .8 2 9 .5 3 5 .5
fc
fc CJ L B 2 9 .5 1 2 .5 2 5 .3 1 1 .3 2 5 .6 11 .5
o
a. XId L C 2 2 .8 2 7 .6 1 3 .8 21 .8 1 6 .9 2 2 .0
3tn mm
u
_J L D 2 9 .5 3 9 .2 2 7 .2 1 2 .3 2 5 .5 11 .5
maximum
Upward
DEFLECTIO N
V)
Qi
IQ L A 1 1 .3 1 8 .6 6 .7 1 3 .6 1 0 .6 16 .3
d
CJ L B 12.1 1 1 .9 7 .1 1 2 .0 11 .5 1 2 .9
-o
d L C 6 .8 1 0 .8 3 .2 8 .0 5 .2 9 .5
mm _l L D 11 .2 11.1 6 .3 101.6 1 0 .5 1 2 .5
W e i g h t  N/'m2 91 .1 1 0 6 .2 1 1 5 .8 121 .1 1 0 5 .1 1 0 2 .2
maximum 
C om p re ssive  
A X IAL  FORCE
VI
01
in L A 75 76 75 83 59 62
u L B 95 100 95 111 79 102 .
TD
d L C 51 17 57 53 11 11
KN _l L D 85 86 91 100 80 92
maximum 
T e n s i l e  
AXIAL FORCE
VI
Qi
VI L A 12 0 17 0 11 0
CN CJ L B 35 0 12 0 26 0
■ CO TJ
d L C 25 0 11 0 16 0
kN _J L D 32 0 37 0 25 0
Qi
a
sn
h-
maximum
Downward
DEFLECTION
VI
Qi
VI L A 2 6 .8 2 9 .5 17 .1 2 1 .0 1 8 .3 2 3 .1
- J
L CJ L B 1 6 .7 1 9 .3 1 7 .3 2 5 .0 1 2 .9 2 0 .6
O
a
a
3IT)
TD
d L C 1 6 .3 17.1 9 .5 1 3 .7 1 0 .3 13 .1
mm
O
_l L D 1 8 .3 17 .3 1 6 .7 2 1 .6 1 3 .6 2 0 .3
maximum
Upward
DEFLECTION
VI
Qi
VI L A 2 .3 0 2 .7 1 .1 1 .7 0
d
CJ L B 2 .2 1 .0 2 .3 11 .3 1 .7 6 .0
TD
d L C 1 .6 0 1 .6 0 .8 1 .1 0
mm L D 2 .2 0 2 .5 5 .2 1 .5 0
W e i g h t  N/m2 8 7 .9 8 5 .7 1 1 1 .7 9 7 .6 9 6 .0 8 0 .2
Toble 6.8.1
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The dominance o f  member f o r c e s  n e a r  t h e  s u p p o r t s  f o r  s u p p o r t  
t ype  SI ,  i s  t he  d i r e c t  r e s u l t  o f  t he  l a t e r a l  d i s p l a c e m e n t s  
a t  t h e  v e r t i c a l l y  r e s t r a i n t  p o i n t s .
With s u p p o r t  t ype  SI of  t he  domes,  t he  nodes  n e x t  to f u l l y  
c o n s t r a i n e d  p o i n t s  l i f t  v e r t i c a l l y ,  under  t h e  f o u r  l o a d  
c a s e s .  However ,  t he  upward d e f l e c t i o n s  a r e  smal l  and a r e  
no t  s i g n i f i c a n t .  In c o n f i g u r a t i o n  1 o f  t h e  domes,  wi t h  
s u p p o r t  t ype  S2 f o r  a l l  t he  l o a d  c a s e s  t he  nodes  n e x t  to t he  
s u p p o r t  nodes  have a s l i g h t  upward d e f l e c t i o n s .  Th i s  i s  
t r u e  wi t h  t he  e x c e p t i o n  o f  l o a d  c a s e s  LC and LD, where t he  
nodes  on l y  a t  t h e  windward and l e e wa r d  edges  l i f t  v e r t i c a l l y  
on t he  second bot t om r i n g .
The h o r i z o n t a l  r e a c t i o n s  on a l l  t he  s u p p o r t  p o i n t s  a r e  
d i r e c t e d  i nwa r d .  I t  f o l l o w s  t h a t  t h e  dome i s  under  
c o mp r e s s i v e  s t r e s s e s ,  which i s  ob v i o u s  from the dominance o f  
c o mp r e s s i v e  f o r c e s  in mos t  o f  t h e  members .
The h o r i z o n t a l  r e a c t i o n s  in c o n f i g u r a t i o n  2 a r e  g e n e r a l l y  
l a r g e r  t han  t h e  v e r t i c a l  r e a c t i o n s .  The o p p o s i t e  i s  t r u e  
f o r  c o n f i g u r a t i o n  1. Thi s  can be a t t r i b u t e d  to t he  
r e l a t i v e l y  s h a l l o w  dep t h  o f  c o n f i g u r a t i o n  2.
In bo t h  t he  c o n f i g u r a t i o n s  t he  a p p l i c a t i o n  o f  l o a d  cas e  LA, 
which i s  t h e  c o m b i n a t i o n  o f  dead and imposed l o a d s ,  p r oduc es  
symmet r i ca l  s t r e s s  d i s t r i b u t i o n s ,  nodal  d e f l e c t i o n s  and 
s u p p o r t  r e a c t i o n s .
In l oad  cas e  LB, b e c a u s e  o f  t h e  h i gh i n t e n s i t y  o f  snow 
l o a d i n g  on one s i d e  o f  t h e  s t r u c t u r e ,  t h e  f o r c e s  in t h e  
members ,  d e f l e c t i o n s  and s u p p o r t  r e a c t i o n s  a r e  1 a r g e r  t han  
t h o s e  o f  t h e  o t h e r  s i d e .
The member  f o r c e s ,  n o d a l  d e f l e c t i o n s  and r e a c t i o n s  f o r  l o a d
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c a s e  LC a r e  s i g n i f i c a n t l y  s m a l l e r  t ha n  t h o s e  f o r  t h e  o t h e r  
t h r e e  l o a d  c a s e s .
The b e h a v i o u r  o f  t he  domes under  l oa d  ca s e  LD does  no t  
d i f f e r  s i g n i f i c a n t l y  from t h a t  o f  l o a d  c a s e  LB.
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